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ABSTRACT
A limnological survey of a pond excavated in 1962 on the 
premises of the sanitary landfill area, west of Malden Road, 
Y/indsor, Ontario, was conducted from June, 196B, through 
June, 1969, to study the effects of morphometry, selected 
physical parameters, and chemical factors on the population 
dynamics of phytoplankton and zooplankton. Special emphasis 
was placed on determining the primary productivity of the 
ecosystem.
A weekly series of biological, physical, and chemical 
samples was taken from the pond and routine analyses for 
pigment density, primary productivity, and water chemistry 
were completed. Quantitative plankton counts were determined 
by the Sedgwick-Rafter technique. To supplement these data, 
investigations, one of which was of 24-hours duration, were 
conducted to study vertical and lateral distribution of 
phytoplankton and zooplankton.
Both chemical and biological evidence indicated that the 
Landfill Pond is strongly influenced by seepage from the 
adjoining dump area. The shallowness (mean depth 1.05 metre) 
and the general morphometric characteristics of the pond 
resulted in almost immediate reaction to chemical and physical 
changes. Both these factors are chiefly responsible for the 
rapid eutrophication of the pond.
Seventy-five genera of phytoplankton were identified.
The Chrysophyta were the most abundant, followed by the
ii
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Pyrrhophyta. The less numerous, yet highly diversified 
Chlorophyta, contributed significantly towards primary 
productivityo Primary productivity averaged 1 5 .8 mgC/m^/hour. 
The standing crop of chlorophyll a, b, £, and total carotenoids 
averaged 6.73, 4.90, 2.77, and 2.79 mg/m^ respectively. One 
mg. of chlorophyll a produced 2.35 mgC/m^/hour.
The zooplankton forms consisted of 20 general of Rotifera, 
14 genera of Protozoa, and several genera of Crustacea.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER I 
INTRODUCTION
.Since the concept of the ecosystem was initiated by 
Tansley in 1935, many studies of the pond as an ecosystem 
have been made. The general synecological studies of 
Lindernan (1941), Deevey (1951), Dineen (1953), Bamforth (195$), 
and Wright (1964), the plankton studies of Riley (1940),
Pennak (1946), Lund (1964, 1965), Edelstein (1966), and the 
productivity studies of Wright (1959, I960), Goldman and 
Wetzel (1963), Kalff (1965), and Muller (1966) for example have 
given a considerable body of information about the dynamics of 
the lentic environment. Most of these studies have been based 
on natural ponds and lakes. Recently the ’ecosystem’ concept 
has been applied to studies of fish production in excavated 
farm ponds and experimental hatching ponds (Johnson 1965, 1967; 
Leach, 1969). However, few studies have been made on ponds 
2’esulting from highway construction and sanitary landfill 
projects. Such ponds present great potential for the 
investigation of hydrarch succession.
The only limnological studies of inland ponds that have 
been carried out in Southern Ontario are those of Leach (1969) 
on an excavated pond in Guelph, Ontario, and Johnson (1965, 
1967) on a number of Ontario fish-ponds. However, these 
studies have not included the effects of morphometry on 
plankton populations, and primary production in any detail.
1
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2One purpose of the present study is to investigate the 
effects of seepage and runoff from a sanitary landfill area 
on the rate of eutrophication of an excavated pond.
This study encompasses a complete cartographic and 
morphometric survey, physical and chemical analyses of the 
water, and qualitative and quantitative analyses of the 
phytoplankton and zooplankton populations. An attempt is also 
made to estimate primary production by correlating biological, 
chemical, and physical parameters.
A 24-hour investigation wasrconducted to study the effects 
of varying light intensities and temperatures on vertical 
distribution of plankton populations. This investigation was 
preceded by a study on the effect of wind on horizontal 
distribution of plankton. It was followed by a study on the 
effect of light intensity and temperature on vertical distri­
bution after the disruption of the thermocline resulting from 
heavy precipitation and wind.
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CHAPTER II 
PHYSICAL DESCRIPTION OF POND
The pond which was excavated in 1962 is located on the 
premises of the sanitary landfill of the city of Windsor,
Essex County, Ontario, 250 metres west of Malden Road
(S3° 3 ’ 36" West and 42° 16’ 30” North). The area is 590 feet
above sealevel.
Weather data for Essex County indicate a mean annual 
temperature of S.3°C, a growing season of 203 to 213 days, an 
average annual precipitation of 70 - 75 cm, and a mean snowfall 
.of 100 cm. per annum. The entire area is south of the 21.1°C 
July isotherm.
The pond was excavated in an area classified as partly 
Plainfield and partly Berrien Sand (Richards et^  al, 1949). 
Pleistocene glacial action, the presence of Lake Maumee and a 
large stream, which had its delta in this area, largely shaped 
the county. The smooth clay plain overlying the limestone 
bedrock of Devonian age, is interspersed with sandy bars.
The area currently used for landfill purposes is located 
south of the pond. Although garbage was not dumped directly 
into the pond during the study period, trash from previous 
years was found along the southern and southwestern shore 
(Fig. 1 ). During dry periods the prevailing southwesterly 
winds carried much dust and airborne refuse into the pond as 
evidenced from examination of bottom deposits. Effluent from
3
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Fig. 1. Bottom and shore development map of
Landfill Pond.
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smoke stacks on the Canadian and the United States sides of 
the Detroit River also contributed substantially to the 
mineral concentration of the pond.
Even though no direct man-made changes were made of the 
pond proper during the period of study, occasional ploughing, 
grading, and levelling of the shorelines by bulldozers took 
place. The sandy shores were constantly changed by wind and 
particularly water erosion and the low northern shore was 
particularly affected by flooding following precipitation 
(Fig. 1).
A 25-metre wide sandy ridge on the east side of the pond 
separates the Landfill Pond from a duck pond, which is largely 
filled in by Typha sp. This area consists of approximately 
two-thirds of marsh and the remainder of open water. The duck 
pond is approximately 40 years old. On the south side, the 
Landfill Pond is bounded by a hill, 16 metre high, created as 
part of the landfill project.
Since the pond has no inlet, its waterlevel is maintained 
by ground seepage and surface runoff. As a result of bulldozer 
activity a temporary outlet was created at the northeast end in 
March, 1969. At that time the waterlevel had risen considerably 
due to snow and ice melting, and consequently some surface water 
flowed into the duck pond, an event which reoccurred during 
occasional heavy rains.
The pond has a surface area of one hectare, and a total 
shore length of 675 metres. The total area of its three 
islands if 4S9.5 m^. Additional morphometric measurements
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6recorded on July 10 and'12, 1969, are shown in Table 1, The 
dimensions were subject to constant changes due to dry periods, 
precipitation and erosion. The minimum area of the pond was 
6,240 m^ during the winter of 1966-69. During that period 
the shoreline roughly followed the 0„5 metre depth contour 
line (Fig. 2,3).
The dominant pond vegetation was represented by the 
submerged species Chara vulgaris L., emergent species Typha 
latifolia L. and T. angustifolia L., and floating species 
Polygonum natans genunium (Michx.) A. Eaton, and P. coccineum 
natans Muhl. The vegetation map (Fig. 4 ) indicates the 
abundance and distribution of these and other floral species.
The bottom sediment consisted mainly of gyttja of varying 
composition depending on depth and location in the pond 
(Fig. 1).
Various species of insects and vertebrates were associated 
with the pond ecosystem. These included the dipteran species 
Chaoborus sp., which was most abundant in the deeper sites, 
and Chironomus sp., largely found in shallow sites where 
Chara vulgaris L. was abundant (Montroy, 1969). Large schools 
of Carassius auratus L. occurred in the pond. No other fish
b
species were ever sighted or caught. 0 ndata zibethicus L. 
were sighted in the pond. Associated with the periphery were: 
Rana pipiens L., Thamnophis sirtalis L., Dendragapus Elliot 
and Phasianus L.
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PARAMETER 
Maximum depth 
Mean depth 
Maximum length 
Maximum breadth 
Mean breadth 
Area 
Volume
Volume development
TABLE 1
MORPHOMETRY OF LANDFILL POND, July 10 and 12, 1969.
FORMULA
d =
V
A
A
b “ L 
Weight Method 
1/3 (A-^ +A2 + ^ A 1+A2 ) h (for each stratum)
3 H I  
D
Extent and development of 
shoreline
Mean slope and area of shoal jjC q + C . ,  +Co+,C0 +  .  • . +c
' 1 2  3
n
i i 0 )n n-1 n D
 1
V = Volume 
A = Surface Area 
L = Maximum Length 
h = Height of Stratum (0.5M)
D = Maximum Depth
S = Length of Shore
C = Length of Contour Line
MEASUREMENT 
4.0 M 
1.05M 
141.5 M 
91.1 M 
71.5 M 
10,015.6 M2 
10,521.3 M3 
.78
1.9
15$
(Welch, 1948)
Fig. 2. Bathymetric map of Landfill Pond*
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Fig. 4. Vegetation map of Landfill Pond.
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Legend : Vegetation Map
No. Species Name Common Name
1 Typha latifolia L. narrow-leaved cattail
CD dead cattails
2 T, angustifolia L. broad-leaved cattail
3 Alisma subcordatum Raf. water-plantainb Equisetum L. water-horsetail
5 Polygonum natans genuniumCMichx.)
A.Eaton
sraartweed
6 Cyperus ferruginescens Boeck sedge
7 Nymphaea tuDerosa. Paine white water lily
8 Quercus velutina Lam. black oak
9 Quercus L. oak
10 Salix discolor Muhl. pussy willow
11 Rhus typhina staghorn sumac
12 Agalinis purpurea(L.)Pennell large purple gerardia
1? Populus L. poplar1H Polygonum coccineum natans Muhl. smartweed
1b Juncus L. rush
16 filamentous algae
17 Sambucus L. elderberry
18 Utricularia vulgaris L.. bladderwort
19 Fragaria virginiana Duch. wild strawberries
20 Cirsium muticum Michx. thistle
21 Solanum L. nightshade
-22 Cyperus L. sedge
Hieracium L. hawkweed
2*f Sium L. wild carrot
25 Fraxinus ash
Chara vulgaris L. musk grass
Lemna L. duckweed
Sagittaria arrow-head
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CHAPTER III 
MATERIALS AND METHODS
A weekly sampling program was conducted during the period 
June 13, 196S through June 27, 1969. Physical, chemical and 
biological data were collected from a permanent sampling 
station, 1.5 metres from the east shore of the pond (Fig. 5) 
between 11:00 - 12:00 am.
Air and water temperatures were measured in degrees 
Centigrade using a glass, mercury filled thermometer. Dissolved 
oxygen, carbon dioxide and pH were determined at the pond using 
the Hach Chemical Company portable test kit. For these tests 
water was collected using a PVC plastic tube water sampling 
bottle (G.M. MFG., and Inst. Corp., Bronx, N.Y.).
Water samples for chemical analyses were collected and 
analyses commenced immediately after a five-minute drive to 
the laboratory. Alkalinity, chloride as Cl, and hardness were 
determined using the Hach Chemical Company portable water 
engineer’s laboratory. Chlorine, copper, fluoride, iron, 
manganese, total nitrogen, phosphate, silica, sulfate and 
turbidity were determined using the Hach Chemical Company water 
and waste water analyses colorimetric procedures as adapted for 
the Bausch and Lomb Spectronic 20 Colorimeter.
A uniform series of five litre quantitative plankton 
samples was collected from just below the surface by means of 
a two litre calibrated pitcher and concentrated to a volume of
12
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Fig. 5. Sampling stations at Landfill Pond.
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98 cc by means of a nannoplankton net of 28 micron aperture
nylon mesh. Plankton adhering to the sides of the net was
washed into the sample by means of a wash bottle spray of 
distilled water. Two cc of 40 per cent neutral formalin were 
then added to the samples.
As part of the plankton sampling program a parallel series 
of qualitative net samples as collected by towing the nanno­
plankton net horizontally six times through a distance of four 
metres just below the surface. The plankton was then preserved 
in the same manner as the quantitative samples. For ident­
ification purposes, a similar series of live plankton samples 
was also brought back to the laboratory.
Plankton samples were examined in the laboratory with an 
Olympus compound binocular microscope. To facilitate the 
enumeration of phyto- and zooplankton a one-half cubic centi­
metre Sedgwick-Rafter counting cell was used according to the 
techniques outlined in Welch (1948). Identifications were 
based on Jahn and Jahn (1949), Pennak (1953), Ward and Whipple
(in Edmondson, 1959), Prescott (1962, 1964, 1968), Lundin and
West (1963), Patrick and Reimer (1966) and Leedale (1967)0
In order to determine the biological production of the 
plankton community, a series of dark and light bottle product­
ivity studies and pigment extractions was carried out. At the 
same time as the plankton and water samples were collected, 
water for the dark and light bottle preparations and one litre 
samples for pigment extraction were made.
The technique used for the dark and light bottle
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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productivity studies was first suggested by Gaarder and Gran 
(1927). After first determining the oxygen concentration of 
the water sample by the Hach modification of the standard 
Winkler technique, pairs of standard 300 cc B.O.D. bottles 
were filled with water. After darkening one pair of the bottles 
with aluminum foil, the two pairs were placed in a Rigosha 
illuminated water bath. The illumination of 400 foot candles 
was determined by means of a G.M. Manufacturing Company 
submarine photometer. The bottles were then incubated for 24 
hours according to the methods of Jackson (1961).
After the incubation period, the oxygen concentration of 
the water samples was determined. The amount of carbon fixed 
during this period was then calculated by the following formulae 
described by Cox (1967).
Net Primary Production (MgC/M^/Day)
Community Respiration = (375.36) (I - D) (RQ)
I = ppm of oxygen initially
D = ppm of oxygen in dark bottle finally
RQ = loO (Respiratory quotient)
Gross Primary Production = (375.36 ) (L - D)
PQ
L = ppm of oxygen in light bottle finally
D = ppm of oxygen in dark bottle finally
PQ = 1.2 (Photosynthetic quotient)
Net Community Production = (Gross Primary Production ) -
(Community Respiration)
(Cox, 1967)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Pigment extraction was performed largely according to the 
technique described by Richards with Thompson (1952) with later 
modifications (Creitz and Richards, 1955)* The equations for 
chlorophyll a, b, and £ were obtained from SCOR/UNESCO Working 
Group on photosynthetic pigments (SCOR/UNESCO, 1966) while the 
equation for the total plant carotenoids was adopted from 
Richards with Thompson (1952).
Pigment Concentration (Mg/M^)
C(chlorophyll a) = 4(H.64E^^^-2.16E^^^-0.10E^^^)
C(chlorophyll b) = 4(20.97E^^-3.94E^^-3.66^Q ) 
C(chlorophyll £) = 4(54.22E^^q -14.SlE^^^-5.53E^^^)
C(Plant carotenoids) = 7.6 fE/fgo“'I'*^^$10^
(SCOR/UNESCO, 1966;
Strickland and Parsons,1963) 
Aliquot samples of pond water were centrifuged through the 
Foerst plankton centrifuge for 15 minutes, a modification of 
Small’s method (19613) ensuring maximum removal of plankton. 
Before centrifuging, 0.1 gram of magnesium carbonate was added 
to the water sample to prevent acidity and consequent formation 
of phaeophytin. The sediment was then scraped from the cent­
rifuge cup, resuspended in distilled water, centrifuged for 
five minutes at 4000 r.p.m. and the water decanted. The pellet 
in the test tube was then placed in a vacuum desiccator and 
dried for at least one week and no longer than two weeks. Five 
millilitres of 90% acetone were then added to the dried pellet 
and the capped test tube was placed in the dark for l£ to 24
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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hours. After the extraction process had been completed the 
sediment and acetone were thoroughly mixed and centrifuged 
for at least three minutes. The supernatant was then poured 
into a spectrophotometric test tube and run through a Bausch and 
Lomb Spectronic 20 Colorimeter for quantitation at 6630 $,
6450 t  and 6300 X for chlorophyll a, b, and _c respectively and 
at $100 $, and 4300 ft for the total carotenoids.
To determine community respiration and photosynthetic 
capacity as measurements of primary production and to determine 
vertical diel distribution patterns of the plankton community, 
as well as to obtain the physical and chemical characteristics 
of the water column, a 24-hour study of the pond was conducted 
on May 23-29, 1969, and a supplemental study was conducted at 
noon on June 4, 1969* The various physical and chemical 
measurements were made and biological samples collected from a 
boat at four-hour intervals. Air temperatures were measured 
as indicated above. Water temperatures at the surface, one 
metre, two metre and bottom level were determined using the 
TRI-R electronic thermometer. Light intensities and extinction 
were measured using a Submarine Photometer (G.M. MFG., and 
Inst. Corp., Bronx, N.Y.) and a Secchi disc. Dissolved oxygen, 
carbon dioxide and pH were determined as indicated above. A 
PVC plastic tube water sampling bottle was used to collect 
water samples from the various levels.
A uniform series of two litre quantitative samples were 
collected from the surface, the one metre, two metre and bottom 
level by means of the PVC plastic tube water sampling bottle.
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Similar concentration, preservation and enumeration methods 
were used as described above.
To determine the biological production of the plankton 
community, three series of dark and light bottle experiments 
of six hours each were carried out in situ, using a specially 
designed float.
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CHAPTER IV 
RESULTS
Physical and Chemical Factors
The physical and chemical data obtained during the course 
of this study are summarized in Table 7, Appendix I, and 
plotted in Graphs 1,2,3, and 4. Mean, variance, and standard 
deviation are shown in Table G, Appendix I.
During the study period the air temperatures ranged from 
-6.5°C to 30°C and the water temperatures from 0 - 2G.0°C 
(Graph 1). Surface water temperatures fluctuated in response 
to changes in the air temperatures during the ice-free period, 
and maintained a high average of 24.4°C during July and 
August, 196S.
Turbidity levels ranged from 20-157 Jackson Units (Graph 1) 
with a mean of 64.35* The turbidity level was highest at the 
end of January, 1969, a period following a significant rise in 
temperature. Air temperature reached 9.5°C, resulting in the 
melting of at least five inches of ice. Rainfall and subsequent 
increased seepage were probably responsible for the brief turn­
over. Turbidity levels increased significantly whenever 
precipitation was intense, because surface runoff carried much 
soil from the steep shores into the pond. Both factors 
affected chemical and biological sample characteristics.
Total precipitation (Graph 1) over this study period 
amounted to 36.5 inches, which was 30.5 percent more than the 
mean annual rainfall.
19
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Graph 1. Seasonal fluctuations of temperature (air and 
water), turbidity, precipitation, and average 
weeklv sunshine hours from June 13, 196$, to 
June 27, 1969.
20a
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Graph 2 . Seasonal fluctuation of concentrations of
dissolved oxygen, carbon dioxide, pH, total 
alkalinity, and total hardness from June 13,
W  O  O  14.1X0 K. / y X /  J  /  t
21a
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Graph 3. Seasonal fluctuation of concentrations of 
chloride, copper, iron, manganese, arid 
fluoride from June 13, 1966, to June 27, 1969.
22a
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Graph 4. Seasonal fluctuation of concentrations of total 
nitrogen, total phosphate, and sulfate related 
to precipitation from June 13, 1968,to 
June 27, 1969.
23a
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A maximum ratio of actual hours of sunshine to potential 
of .7 occurred from July to October, 1963. From November,
1963, to January, 1969, this ratio reached a minimum of .35 
and .52 from April to June, 1969 (Graph 1).
Dissolved oxygen ranged from 5.0 ppm to 13.0 ppm 
(Graph 2} having a mean of 9.06 ppm. The lowest oxygen 
concentrations occurred from July to October, 1963, and were 
probably related to high water temperatures and organic de­
composition. The high oxygen concentrations from November,
1963, to June, 1969, were likely the result of low temperatures, 
and a low rate of organic decomposition. The low peaks were 
likely the results of primary production. High peaks of 
phytoplankton tended to reduce oxygen levels probably resulting 
from a shielding effect and organic decomposition.
Free carbon dioxide concentrations ranged from 5 ppm to 
35 ppm with a mean of 13.27 ppm. High levels occurred from 
July to September, 1963. The highest was 35 ppm towards the 
end of August. The levels never fell below 5 ppm. Carbon 
dioxide concentrations were usually the inverse of oxygen 
levels.
The hydrogen ion concentration ranged between the pH of 
7.5 to 9.0. It usually remained at 3.5 indicating effective 
buffering action. The lowest pH was reached at the end of 
January, 1969, when hardness and alkalinity were at their lowest 
levels. Total alkalinity ranged from 125 to 317 ppm and had a 
mean of 231.65. Total hardness varied between 150 to 320 ppm, 
with a mean of 24$.1. Calcium had a mean of 139•!& ppm and
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magnesium a mean of 108.92 ppm.
Runoff caused by high precipitation and seepage (Table 7B, 
Appendix I) added considerably to the chemical pool of the 
pond, particularly total nitrogen (range: .253 to 2.97 ppm; 
mean: .897 ppm). Nitrate had a mean of .843 and nitrite one 
of .033 ppm. Total phosphates varied from .0055 to .21 ppm 
(mean: .0845 ppm). Ortho-phosphate had a mean of .035 and 
meta phosphate one of .048 ppm. Chloride ranged from 60 to 
210 ppm (mean: 129.46 ppm), sulfate from 34.75 to 150 ppm 
(mean: 86.51 ppm) and copper from .205 to .65 ppm (mean:
.412 ppm). Iron (.09 to .72 ppm; mean: .207 ppm), manganese 
(.28 to 3.32 ppm; mean 1.03 ppm), fluoride (.27 to .87 ppm; 
mean: .578 ppm) and silica (0 to 71.3 ppm; mean: .536 ppm) 
also contributed significantly to the pond ecosystem.
The alkalinity, iron, silica, and turbidity levels were 
significantly higher at the mud-water interface (Table 7B, 
Appendix I; Montroy, 1969).
Biological Factors
Phytoplankton
The population dynamics of the various phyla and species 
of phytoplankton are shown in Table 10, Appendix II. Their 
identifications are listed in Table 2.
The total phytoplankton population had three marked 
pulses, which could be classified as minor blooms. The first 
bloom with a total number of 505,000 phytoplankters per litre 
occurred at the end of July, 1968. The highest peak, 
632,000/litre, took place in May, 1969, and was followed by a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 2
LIST OF PHYTOPLANKTON SPECIES IDENTIFIED 
FROM SURFACE SAMPLES
Phylum Chlorophyta 
A S . Phylum Chlorophyceae
i Order Volvocales
1) Fam. Chlamydomonadaceae
Carteria Diesing, 1866 
Chlamvdomonas Ehrenberg, 1833
2) Fam. Volvocaceae
Eudorina elegans Ehrenberg, 1832 
Pandorina morum (Muell.) Bory, 1824 
PleodorTna Shaw, 1894
3) Fam. Sphaerellaceae
Haematococcus lacustris (Girod.) Rostaf.
ii Order Tetrasporales
1) Fam. Palmellaceae
Asterococcus Scherffel, 190$
Gloeocystis Naegeli, 1849 
Sphaerocystis schroeteri Chodat, 1897
iii Order Ulotrichales
lj Fam. Ulotrichaceae
Ulothrix Kuetzing, 1833
iv Order Chlorococcales
1) Fam. Dictyosphaeriaceae
Dictyosphaerium pulchellum Wood, 1874 
Botryococcus braunii Kuetzing, 1849
2) Fam. Hydrodictyaceae
Pediastrum duplex Meyen, 1829 
P. biradiatum Meyen, 1829 
P. boryanum (Turp.) Meneghini. 1840 
P. integrum var. priva Printz, 1914 
P. tetras "TEhrenb.) Ralfs, 1844
3) Fam. Coelastraceae
Coelastrum Naegeli, 1$49 
C. cambricum Archer, 1868 
C. sphaericum Naegeli, 1849
4) Fam. Oocystaceae
Ankistrodesmus falcatus (Corda) Ralfs, I848
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Chlorella ellipsoides Gerneck, 1907 
Chlorella vulgaris Beyerinck, 1890 
Lagerheimia (be Toni) Chodat, 1895 
Schroederia Lemmermann, 189&
Selenastrum Reinsch, 1867 
S. westii G. M. Smith, 1920 
Tetraedron Kuetzing, 1845
Treubaria setigerum (Archer) G.M. Smith,1933
5) Fam, Scenedesmaceae
Actinastrum gracilimum G.M. Smith, 1916 
Crucigenia Morren, 1830 
C. crucifera (Nolle) Collins, 1909 
C. rectangularis (A. Braun) Gay, 1891 
C. tetrapedia (Kirch) West and West, 1902 
Scenedesmus acuminatus (Lag.) Chodat, 1902 
5. bi.iuga (Turo.) LagerheimT 1893 
bijuga var. alternans (Reinsch)
Hansgirg, 18§"§
S. dimorphus (Turp.) Kuetzing, 1833 
S. obliquus (Turp.) Kuetzing, 1833 
S. quadricauda (Turp.) de Brebisson, 1835
6) Fam. Characiaceae
Actidesmium hookerii Reinsch, 1867
® 0« Phylum Conjugatae
i Order Desmidiales
Mesotaeniaceae 
Mesotaenium Naegeli
Gonatozygaceae 
Gonatozygon De. Bary, 1896
Closteriaceae 
Penium polymorphum Perty 
Closterium Nitzsch
Cosmariaceae 
Pleurotaenium Naegeli 
Euastrum Ehrenberg 
Cosmarium Corda
C. monomazum Lundell 
Desmid sp.
ii Order Zygnematales 
Mougeotia (C.A. Agardh) Vi/ittrock, 1872
1) Fam.
2) Fam.
3) Fam.
4) Fam.
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Phylum Cyanophyta
i Order Chroococcales
1) Fam. Chroococcaceae
Chroococcus Naegeli, 1349 
Gloeocapsa rupestris Kuetzing, 1345-49 
Aphanocapsa delicatissima West and West, 1912 
A. grevillei (Hass.) Rabenhorst, 1365 
Merismopedia tenuissima Lemmermann, 1393 
Coelosphaerium Naegeli, 1349 
Synechocystis Sauv.
ii Order Oscillatoriales
1) Fam. Oscillatoriaceae
Oscillatoria Vaucher, 1303 
Spirulina Turpin, 1327 
Lyngbya birgei G.M. Smith, 1916
iii Order Nostocales
1) Fam. Nostocaceae
Nostoc linckia (Roth) Bornet and Thuret, 
lG30
iv Order Scytonematales
l) Fam. Scytonemataceae
Plectonema Thuret, 1375
Phylum Chrysophyta
A S. Phylum Xanthophyceae
i Order Heterococcales
1) Fam. Pleurochloridaceae
Monallantus brevicvlindrus Pascher, 1939
2) Fam. Centritractaceae
Pseudotetraedron Pascher
3) Fam. Chlorotheciaceae
Ophiocytium Naegeli, 1349
B S. Phylum Chrysophyceae
i Order Chrysomonadales
1) Fam. Synuraceae
Svnura uvella Ehrenberg, 1333
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2) Fam. Ochromonadaceae
Dinobryon sertularia Ehrenberg, 1835
D. sociale Ehrenberg, 1835 
Uroglena volvox Ehrenberg, 1835
C S . Phylum Bacillariophyceae
(A) Class Centrales
lj Fam. Coscinodiscaceae 
Cvclotella Breb.
Stephanodiscus Ehr., 1845
(B) Class Pennales
1) Fam. Tabellariaceae
Tabellaria Ehrenberg 1840
2) Fam. Meridionaceae
Meridion circulare (Grev.) Agardh
3) Fam. Diatomaceae
Diatoma Grun.
4) Fam. Fragilariaceae
Asterionella Hass.
Fragilaria bicapitata A. Mayer, 1917 
F. crotonensis Kitton, 1869 
Synedra Ehr., 1832
5) Fam. Eunotiaceae
Eunotia Ehr., 1837
6) Fam. Achnanthaceae
Achnanthes Bory, 1822
7) Fam. Naviculaceae
Amphipleura Kutz, 1844 
Brebissonia Grun 
Caloneis Cl., 1894 
Gyrosigma Has., 1845 
Navicula Bory, 1824 
Pinnularia Ehr., 1843 
Stauroneis Ehr., 1843
8) Fam. Nitzschiaceae
Nitzschia Hass., 1845
Phylum Euglenophyta 
i Order Euglenales
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1) Fam. Euglenaceae
Euglena acus Ehrenberg, 1838 
E. ehrenbergii Klebs, 1883 
E.' elastica Prescott, 1944 
E. pisciformis Klebs, 1883
E. spirogyra Ehrenberg, 1838 
Euglena Ehrenberg, 1838
Phacus longicauda (Ehrenb.) Dujardin, 1841 
Ph. triqueter (Ehrenb.) Dujardin, 1841 
Phacus Dujardin, 1841
Trachelomonas armata (Ehrenb. ) Stein, 1883 
Phylum Pyrrhophyta
(A) Class Dinokontae
i Order Peridiniales
1) Fam. Glenodiniaceae
Glenodinium quadridens (Stein)
Schiller, 1935-37
2) Fam. Peridiniaceae
Peridinium gatunense Nygaard in Ostenfeld 
and Nygaard, 192$
3) Fam. Ceratiaceae
Ceratium hirundinella (O.F. Muell.)
Du j a rd in, 1841
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peak of 497,000/litre in June, 1969. Each peak was followed 
by a drastic reduction in numbers. Minor peaks occurred 
during October, 1968, and March, 1969 (Graph 5).
of the Chlorophyta in March, 1969. The lower peaks from April 
through June, 1969, were caused by the occurrence of 
Asterococcus and the low peak in August, 1968, was the result 
of large numbers of Cosmarium sp. Scenedesmus quadricauda 
appeared in small numbers throughout the year, but peaked in 
May, 1969. Other frequently occurring Chlorophyta included: 
Ankistrodesmus falcatus, Mougeotia sp^ Eudorina elegans. and 
Chlamydomonas sp. At no time did the various peaks overlap 
each other (Graph 6). The largest number of species was 
present from August 6 to October 24, 1968 and during June, 1969. 
From March to April, 1969, there was a reduced number of 
species, yet there were large numbers of organisms present 
(Table 11, Appendix II).
The Cyanophyta were the third most abundant algal group. 
Chroococcus sp. of Myxophyceae ..peaked, on^October 10, 1968, and .
(Graph 7). The greatest numbers of species and genera occurred 
during August, 1968, yet the number of organisms was low (Table 
11, Appendix II).
The Chrysophyta, exclusive of the Diatoms, were the 
dominant phytoplankters in this study and accounted for the 
major pulses (Graph 7). Of this group, Dinobryon sertularia
Chlorella vulgaris was responsible for the highest peak
Nostoc linckia on October 17, 1968. Other
Oscillatoria sp., Aphanocapsa delicatlssima-. and Spfrulina sp
ed:f'7V'.
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TOTAL PHYTOPLANKTON
No./ Litre I
505
Graph 5* Population dynamics of total phytoplankton, 
June 13, 1966, to June 27, 1969.
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Graph 6. Seasonal population dynamics of total Chlorophyta 
Chlorella vulgaris. Asterococcus sp., Cosmarium 
sp., and Scenedesmus quadricauda. related to 
sunshine hours from June 13, 1968,to June 27,1969
33a
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Graph 7. Seasonal population dynamics of total Chrysophyta,
Dinobryon sp, Uroglena volvox (single and colonial), 
total Cyanophyta, Chroococcus sp., and Nostoc 
linckia related to sunshine hours from June 13,
196d,to June 27, 1969.
34a
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was the dominant species. Uroglena volvox also contributed 
significantly to the Chrysophyta blooms. The greatest numbers 
of species occurred at the end of August, 1963, the beginning 
of September, 1963, and the first half of May, 1969 (Table 11, 
Appendix II).
Synedra sp. of the Bacillariophyceae, a sub-phylum of the 
Chrysophyta, was the most abundant species of the diatoms and 
established the population maxima. The highest peak occurred 
during December, 1963. There was a lower peak at the beginning 
of September. Several surges occurred from March through June, 
1969. Asterionella sp. peaked at the end of November, 1963, 
and again in March, 1969. Tabellaria sp. has a peak at the 
end of May, 1969. Other abundant diatoms included:
Stephanodiscus sp., Nitzschia sp., Brebissonia sp., Eunotia sp., 
Fragilaria crotonensis, and Stauroneis sp. (Graph 3). The 
highest numbers of species and genera occurred during November 
and December, 1963, and April and May, 1969. The lowest 
appeared during January and February (Table 11, Appendix II).
An inverse relationship between silica concentration and 
numbers of diatoms was apparent (Graph 3).
The Euglenophyta were most abundant in late spring and 
early summer. Euglena spirogyra established the population 
maxima. Length of photoperiod and water temperatures between 
1$ to 20°C were probably the determining factors. Other 
Euglenophyta included: Euglena pisciformis. E. acus. E. elastica. 
and Trachelomonas armata (Graph 9).
The second most abundant algal population was the
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Graph S. Seasonal population dynamics of total diatoms, 
Synedra sp., Navicula sp., Tabellaria sp., and 
Asterionella sp. related to silica concentrations 
from June 13, 1968, to June 27, 1969.
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Graph 9. Seasonal population dynamics of total Euglenophyta, 
Euglena spirogyra. E. acus, total Pyrrhophyta* 
Ceratium hirundinella and Peridinium gatunense 
related to sunshine hours from June 13, 1968, to 
June 27, 1969.
37a
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Pyrrhophyta (Graph 9). Ceratium hirundinella and^ Peridinium
September and October, 1963, and again after P. gatunense had
disappeared from the samples in June, 1969. P. gatunense 
gained momentum in December, 1963, and gradually increased in 
numbers until approximately May 10, 1969. Then the numbers 
dropped sharply as Glenodinium quadridens appeared in the 
samples in increasing numbers. The latter peaked on June 27,
Zooplankton
The population dynamics of various zooplankters are 
shown in Tables 12A, and 12B (Appendix II) and plotted in 
Graphs 10 and 11. The zooplankters are listed in Tables 3 and
4.
Rotifera constituted the most abundant zooplankton. The 
Protozoa were second in number, and the Crustacea third. The 
Rotifera reached peak populations during the period August
through October, 1963. However, the highest peak occurred in 
May, 1969, when a concentration of 14,000/litre was reached.
The peaks generally coincided with or were preceded by 
phytoplankton peaks (Table 12A, Appendix II).
The most abundant species was Polyarthra sp. followed by 
Keratella cochlearis. The latter occurred in 36 percent of the 
samples, Polyarthra sp. in 34 percent.
The highest peak of Anuraeopsis fissa. the third most 
abundant species, occurred at the beginning of August, 1963, 
just before Polyarthra sp. peaked. Two smaller peaks appeared
gatunense peaked at various times, the former^during
1969.
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Graph 10. Seasonal population dynamics of total Rotifera, 
Keratella cochlearis. Polyarthra sp., 
Anuraeoosis fissa. and Synchaeta sp. from 
June 13, 1968, to June 27, 1969.
39a
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Graph 11. Seasonal population dynamics of total Crustacea, 
total Protozoa, Codonella cratera and Vorticella 
campanula from June 13, 196G, to June 27, 1969.
40a
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TABLE 3
LIST OF ROTIFERA IDENTIFIED FROM 
SURFACE SAMPLES
Phylum Aschelminthes 
(A) Class Rotifera
i Order Bdelloidea
1) Fam. Philodinidae
Philodina Ehrenberg
ii Order Monogononta 
A* S. Order Ploima
1) Fam. Brachionidae
S. Fam. Brachioninae
Anuraeopsis fissa Gosse 
Brachionus angularis Gosse
B. calvciflorus Pallas 
Keratella cochlearis Gosse
quadrat a Mueller 
Notholca Gosse
Platyas~quadricornis Ehrenberg 
Trichotria tetractis Bory
S. Fam. Colurinae
Colurella obtusa Bory
C. adriatica Bory 
Lepadella ovalis Bory 
L. patella Bory
2) Fam. Lecanidae
Lecane elasma Nitzsch 
L. ohioensis Nitzsch 
Monostyla lunaris Ehrenberg 
Monostvia Ehrenberg
3) Fam. Notommatidae
Cephalodella auriculata Bory
C. gjbba Bory
Monommata longiseta Bartsch 
M. grandis Bartsch
A) Fam. Trichocercidae
Trichocerca similis Lamarck 
T. capucina Lamarck 
T . longiseta Lamarck 
1* multicrinis Lamarck
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5) Fam. Gastropidae
Chromogaster ovalis Lauterborn
6) Fam. Asplanchnidae
Asplanchna priodonta Gosse
7) Fam. Synchaetidae
Polyarthra Ehrenberg 
Synchaeta oblonga Ehrenberg 
S. pectinata Ehrenberg 
S. stvlata Ehrenberg
B. S. Order Flosculariaceae
1) Fam. Testudinellidae
Filinia longiseta Ehrenberg, 1&34 
F. terminalis Plate, 1886
2) Fam. Flosculariidae
Ptygura Ehrenberg
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TABLE U
LIST OF MISCELLANEOUS ZOOPLANKTON (PROTOZOA, NEMATA, 
ASCHELMINTHES, TARDIGRADA, AND ARTHROPODA) IDENTIFIED 
FROM THE SURFACE SAMPLES
Phylum Protozoa (non-photosynthesizing)
Super Class Rhizopoda
Euglvpha Dujardin 
Hyalosphenia Stein
Super Class Actinopoda
Actinosphaerium Stein
C. Super Class Ciliophora
Askenasia Blochmann
Codonella cratera Leidy
Coleps bicuspis Noland
Didinium nasutum O.F. Mueller
Paramecium Hill
Urocentrum turbo Mueller
Urotricha Claparede and Lachmann
Strombidium Claparede and Lachmann
Vorticella campanula Ehrenberg
D. Super Class Zooflagellata
Bodo Ehrenberg 
Physomonas Stokes
Phylum Nemata
Phylum Aschelminthes
A. Class Gastrotricha
Chaetonotus similis Zelinka, 1BB9
Phylum Tardigrada
Hypsibius mvrops Du Bois-Reymond Marcus, 19UU
Phylum Arthropoda
A. Class Crustacea
Order Copepoda
Sub. Order Calanoida
Diaptomus sp.
Sub. Order Cyclopoida
Sub. Class Branchiopoda
Order Cladocera
Bosmina Baird, 1S45
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in September, 196$. Synchaeta sp. was most abundant in 
January, 1969. Smaller peaks occurred at the end of August, 
196$, and the middle of May, 1969 (Graph 10). All major 
peaks of each species occurred at different times. Other 
abundant species included: Trichocerca similis. Brachionus
angularis, Synchaeta stylata, and Brachionus calyciflorus.
The majority of the species was littoral, but the pelagic 
species were most numerous and included Keratella cochlearis 
and Polyarthra sp. Only one marginal species, Lecane 
ohioensis, was found.
Eggs were found in $4 percent of the samples, the highest 
numbers in August and September, 196$, and May, 1969* Resting 
winter eggs were found in the samples collected in September 
and October, 196$ (Table 12A, Appendix II).
Of all the Crustacea copepod larvae were the most 
abundant. The highest numbers occurred in June, July, and 
September, 196$. Calanoid copepods represented by Diaptomus 
sp., and Cladocera, such as Bosmina sp. occurred sporadically. 
No Crustacea were detected in the samples of December, 196$, 
through April, 1969, except for a trace in March, 1969,
(Graph 11).
The population maxima of the Protozoa were established by 
the ciliates Codonella cratera, found in 6$ percent of the 
samples, and Vorticella campanula found in 46 percent of the 
samples. Nevertheless, Vorticella campanula was the most 
abundant species. Codonella cratera occurred in appreciable 
numbers from June to the beginning of December, 196$, and May
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and June, 1969, and in very low numbers from half of December, 
1968, through April, 1969. During this period of minima 
Vorticella campanula occurred in large numbers (Graph 11).
Other abundant Ciliophora included: Strombidium sp. and
Ulotricha sp. The number of unknowns is high, because 
preservation in formalin tends to. shrivel protozoans beyond 
recognition.
Sporadic appearances of members from other phyla were 
observed such as, Chaetonotus similis, belonging to the 
Gastrotricha, Hypsibius myrops. a tardigrade, and a nematode.
Primary Productivity
The converted values obtained from the dark and light 
bottle experiments and pigment extractions are summarized in 
Table 13 (Appendix III) and plotted in Graph 12.
Primary production was measured in milligrams of carbon 
fixed per cubic metre of water per day. Gross primary 
production ranged from -9 to 1939 and was highest during late 
summer and early fall, 196$. The highest peak occurred 
during the second week of September, 196$. Productivity 
declined as winter approached, reaching low values during 
January and February, 1969. During April, 1969, a gradual 
increase was recorded. In 1969 the highest peak was reached 
during the second week of May.
Community respiration ranged from 3$ to 901 mgC/m-^/day, 
and was highest during the summer and early fall, 196$. The 
greatest amount used up by the standing crop occurred in 
September, 196$. Whenever the gross primary production peaked
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Graph 12. Seasonal fluctuations of primary production, 
chlorophyll and total carotenoids related to 
total phytoplankton from June 13, 196S, to 
June 27, 1969.
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community respiration was high. Respiration decreased as the 
temperature dropped and increased with temperature. The 
lowest rates were reached in February and March, 1969*
The net community production, obtained by subtracting 
the community respiration from the gross primary production, 
ranged from -113 to 976 mgC/m^/day. The highest peak was 
reached during the second week of May, 1969. The lowest value 
occurred towards the end of the second week of February, 1969. 
From June 21 to September 21, 196$, the net community production 
averaged 22.$ mgC/m^/hour; from September 21 to December 21,
196$, 12.5 mgC/m^/hour; December 21, 196$ to March 21, 1969,
5.$ mgC/m^/hour; and from March 21 to June 21, 1969, this 
amounted to 20.$ m3/hour. The average for the year was 
15.$ mgC/m^/hour.
Chlorophyll a varied between .$$ and 16.04 mg per cubic 
metre. The highest peaks occurred at the beginning of August 
and the second half of September, and the third week of 
December, 196$, the first half of January and the second week 
of May, 1969. The year’s average was 6.73 mg/m^. Chlorophyll b 
ranged from .64 to 11„$6 mg/m^ and averaged 4.9 mg/m^.
Chlorophyll c varied between 0 and 6 .9 6 mg/m^ and averaged 2.77 
mg/m^. The total carotenoids ranged from 0 to 10.00 mg/m^ and 
averaged 2.79 mg/m^ per year.
The net amount of mgC/m^/hr fixed per 1 mg. of chlorophyll a 
varied per season. From June 21 to September 21, 196$, 1 mg. of 
chlorophyll a fixed 2.79 mgC. From September 21 to December 21, 
196$, this amounted to 2.35 mgC/m3/hour; from December 21, 196$,
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to March 21, 1969, .93 mgC/m3/hour; and from March 21 to 
June 21, 1969, 2.37 mg C/m^/hour. The year’s average amounted 
to 2.35 mg.C/mVhour fixed per 1 mg. chlorophyll a /nr*.
Vertical and Horizontal Distribution 
Physical and Chemical Factors
On May 23-29, 1969, the air temperature varied between 
I70C and 33°C. The lowest temperature was recorded at dawn on 
May 29, and the highest at 2:30 pm. on May 23. Surface water 
temperature fluctuated only slightly and varied between 21.3°C 
and 24.0°C at Station I and between 20.0°C and 22.5°C off-shore 
(Table 5). The difference in temperature between the surface 
and the bottom ranged from 10.3° to 12°C. The sharpest drop 
in temperature occurred between the one metre and two metre 
level and was approximately 7°C. At noon on June 4, 1969, the 
surface temperature was 17°C at Station I and 15°C off-shore. 
The difference between the surface and bottom temperature was 
1.7°C (Graphs 13B and C; Table 9, Appendix I).
Incident light intensities were higher on May 23-29 than 
on June 4 (Table 15, Appendix V; Table 17, Appendix VI).
Secchi disc readings were twice as high as on June 4 (Graphs 
13B and C). On that day the light intensity was reduced to 
one percent of the total incident light at a depth of 30 cm.
No light penetrated to the nine foot level (Graph 16; Table 17, 
Appendix VI).
On May 23-29 dissolved oxygen concentration decreased 
from 9 to 3 ppm, while carbon dioxide increased from 10 to 20 
ppm towards the evening and morning. The pH dropped from 9.0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 5
PHYSICAL AND CHEMICAL DATA, 24-HOUR INVESTIGATION.
MAY 23-29, 1969.
2:30- 5:30- 9:30- 1:30- 5:30- 9:30- 1:30-
Station I PM PM PM AM AM AM PM
ft 9 9 9 3 3 3-9 9co2 10 10 15-20 10-15 10
pH 9 9 3-3.5 6.5 3-3.5 3.5 9
L-D bottle 6 hrs. L10 6 hrs. L9 6 hrs. 13.6 L3.3
(in situ) D9 D9.1 D8.4
Temp. - Air 33°C 30.5°C 27°C 19°C 17°C 26°C 32.5°C
- Water 21.5°C 23 °c 21.3°C 22.5°C 22°C 22°C 24.0°C
Secchi disc 67cm 55.5-53cm 64cm 69 cm 63.5cm
Wind Action S. w. S. W. S. W. No No Slight S. W.
Breezy- very slight Wind Wind Breeze
Breezy Breeze
Sunny Clear Clear Bright Moon Sunny Clear
Station II
Temp. Profile
S 21° 22.5° 21.3° 21.3° 21° 20° 22°
1M 21 22.4 21.1 21.3 20.9 19.7 20.2
2M 14 15.7 14.5 14.3 14.7 13.9 13.1
3M 11.9 11.3 12.0 12 11.3 10.5 10.2
Bottom 11.5 11.3 11.0 11.4 11.5 10.2 10.0
O2 Profile
S 9 3 3-9
1M 9 3 8
2M 11 10 10
Bottom 0-1 1-2 0-1
pH-Profile
S 9 3.5 3.51M 9 3-3.5 3.5
2M 9 3.5 9.0
Bottom 6.5-7 6.5-7 6.5-7
Graph 13. Temperature, oxygen, pH, and light penetration 
profiles recorded on October 2, 1968, May 28, 
1969, June 4, 1969, and July 10, 1969.
50a
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to 6.25. The reverse took place in the morning until the 
concentrations had reached the same levels as the day before.
The oxygen profile showed that the dissolved oxygen at the two 
metre level was two ppm higher than at the surface, while the 
oxygen concentration was eight to ten ppm lower at the bottom 
than at the two metre level. The pH was 2 to 2.5 lower at the 
bottom than at the two metre level and surface (Table 5). On 
June 4 the oxygen at the surface was 7 ppm and the pH 6.0 
(Graph 13C).
Biological Factors
Fh yt o piankton
The vertical migration and horizontal distribution 
pattern of the phytoplankton recorded on May 23, May 26-29, 
and June 4, 1969, are shown in Graphs 14, 15 and 16, and 
Tables 14, 16A-F, and 16 (Appendix IV, V, and VI).
On May 23, the effect of wind on the horizontal distribu­
tion of organisms was measured. The greatest concentrations 
of phytoplankton occurred at the north end of the pond. The 
phytoplankton at the east end was second in abundance, south 
end third, and west end fourth (Graph 14; Table 14, Appendix IV).
On May 26-29 selected Chlorophyta consisting of Coelastrum 
sp., Crucigenia sp., Pediastrum sp., and Scenedesmus sp., were
most abundant in the top one metre. During the night the
Chlorophyta density increased at the surface as was the case 
during the afternoon on May 29. On June 4 the Chlorophyta were 
most abundant at the two metre level (Table 16A, Appendix V).
The Euglenophyta generally occurred at the two metre level
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Graph 14. Effect of wind on horizontal distribution of 
plankton, May 23, 1969* (numbers x 10^).
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Graph 15. Distribution patterns of various phytoplankters 
resulting from the effect of varying light
S n tpn q -i p i <s Mav 106^
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Graph 16 Distribution patterns of phyto- and zooplankton 
resulting from light intensity, water 
temperatures, and turbidity, June 4, 1969.
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and the bottom on May 28-29. The distribution pattern shifted 
slightly between the two metre level and bottom. Euglena 
spirogyra was most abundant at the two metre level, while E. 
elastica and E. pisciformis preferred the bottom. On June 4 
Euglena spirogyra occurred mainly at the surface. E. elastica 
and E. pisciformis were most numerous at the bottom, yet were 
also present in large numbers at the surface and one metre 
level (Table 16E, Appendix V).
Ceratium hirundinella and Peridinium gatunense were 
found in greatest numbers at the surface on May 28-29, and 
June 4. Their abundance varied betv/een the one metre level and 
the surface (Table 16F, Appendix V).
The largest numbers of Chrysophyta occurred at the two 
metre level. Dinobrvon sp. occurred in very low numbers in the 
upper one metre stratum (Table 16B, Appendix V), while on 
June 4 it was most abundant at the one metre level. The numbers 
of Uroglena volvox decreased drastically at the surface and one 
metre level towards midnight and increased when it became 
lighter (Table 16C, Appendix V). On June 4 the highest numbers 
occurred at the one metre level. The diatoms were the least 
defined in distribution. They were generally most abundant at 
the two metre level, but were also abundant at the surface 
(Table 16D, Appendix V). On June 4 they were most abundant at 
the surface (Table 1$, Appendix VI).
Zooplankton
The vertical and horizontal distribution pattern of the 
zooplankton recorded on May 23, May 23-29, and June 4, 1969, are
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shown in Graphs 14, 16, .and 17.
Horizontal distribution data recorded on May 23 show the 
highest concentration of Rotifera at the east side, followed 
by the north, south, and west end respectively. Where 
Keratella cochlearis was abundant K. quadrata was low and vice 
versa. The same held true for Keratella cochlearis and 
Polyarthra sp. (Graph 14; Table 14, Appendix IV).
On May 28-29 the Rotifera showed a downward increase 
primarily towards the two metre level from 2:30 - 9:30 pm on 
May 28 and remained most abundant at this level for the 
remainder of the 24-hour study. The distribution ratio
between Keratella cochlearis and Polyarthra sp. decreased 
towards the two metre level. At the bottom Polyarthra sp. 
decreased by 49 percent and Keratella cochlearis by 93 percent 
reversing the ratio. On June 4 Keratella cochlearis was most 
abundant at all levels (Table 16G, Appendix V).
On May 28-29 the Crustacea preferred the one metre level 
(Table 16H, Appendix V) while the protozoan Codonella cratera, 
occurred in largest numbers at the two metre level (Table 161, 
Appendix V). Codonella cratera was also most abundant at the 
two metre level on June 4 (Table 1&, Appendix VI).
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Graph 17 Distribution patterns of total Rotifera, 
particularly Keratella cochlearis and 
Polyarthra sp., May 28-29, 1969.
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CHAPTER V 
DISCUSSION
Physical and Chemical Factors 
According to the classification of eutrophy of Beeton 
(1966), Hutchinson (1967), and Prescott (I96S), the Landfill 
Pond is highly productive. The two major factors responsible 
for its eutrophic character are the morphometry of its basin 
and the nature of its drainage area.
Frey and Stahl (1956), Goldman (i960), Goldman and 
Y/etzel (1963), Small (1961b), Findenegg (1965a), and 
Hutchinson (1967) emphasize the importance of morphometry, 
because it affects such parameters in a body of water as thermal 
and chemical stratification, and the dilution and circulation 
of nutrients. Rawson (1952) has suggested that mean depth is 
an excellent indicator of morphometry, and furthermore, that it 
is a dominant factor in the process of primary production.
The Landfill Pond has a mean depth of 1.05 M and, consequently, 
it has a large littoral area, covering approximately 6,440 
or 64 percent of the pond bottom.
The shallow depth of the pond accounted for rapid gas 
exchange between the total water-volume and the air. Its 
shallowness also made it highly sensitive to external influences 
and this, consequently, affected the extent of the epilimnion 
and hypolimnion. Precipitation and wind action brought about 
mixing of the entire water column and generally prevented the
56
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establishment of a stable thermocline during the summer months 
(Graph 13). These parameters also caused the turbidity to 
fluctuate and consequently affected the depth of light 
penetration (Graphs 13 and 16).
Minerals from the dump area and the surrounding industrial 
complex which entered the pond through seepage (Table 7B, 
Appendix I), surface runnoff, precipitation (Graph 1) and wind, 
had a direct effect on the entire pond ecosystem.
The carbon dioxide content of the water generally 
increased with depth as a result of decomposition of organic 
matter. With greater concentrations of carbon dioxide the 
acidity increased as carbonic acid was formed, while oxygen 
decreased as it was taken out of solution in the process of 
decomposition (Graph 13). As oxygen is depleted iron is 
reduced to the ferrous state and enters solution (Hayes et al, 
195&). Therefore, the iron concentration at the mud-water 
interface was higher than at the surface (Table 7B).
As a result of decomposing siliceous shells of diatoms, 
which sink to the bottom, the silica concentration was higher 
at the bottom (Table 7B). Ruttner (1963) also observed this 
phenomenon.
Compared to the average mineral concentrations of North 
American river and lake waters the pond has generally higher 
concentrations (Clarke, 1924). The only exception is the 
concentration of nitrates which is 1.2 mg/litre as compared to 
.643 mg/litre in the pond. Compared to Altman and Dittmer’s 
(1966) listing of mineral concentrations of specific North
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American lake and river waters the pond had higher concentra­
tions except for bicarbonate, chloride, and sulfate levels 
found in saline lakes.
Recent studies of the nearby River Canard (Winner and 
Hartt, 1969; Hodgkinson, 1970), which drains most of Essex 
County, showed mineral concentrations higher than in the pond.
The total nitrogen and phosphate concentrations were three to 
four times higher than in the pond. The only exceptions were 
chloride, copper and sulfate concentrations. Chloride as Cl 
particularly was much higher probably due to lack of an outlet 
so that the chloride was concentrated through evaporation.
A study of Lake St. Clair between May and August, 1969, 
(Winner et al, 1970) revealed that phosphate and nitrogen 
concentrations were markedly higher than in the pond.
Biological Factors
The number of species fluctuated constantly throughout 
the year (Table 11, Appendix II). Of the 102 species of 
phytoplankton and more than 60 species of zooplankton identified 
the greatest variety occurred during August, and early 
September, 1966. This could be the consequence of reduced 
interspecific competition due to the small phytoplankton 
population. Large phytoplankton populations, particularly 
when a bloom of one species occurred, appeared to inhibit 
species diversity. Bamforth (1956) found that pond water, which 
had supported a Pandorina sp. surge, contained a thermolabile 
substance inhibitory to Chlorella sp. and Nitzschia sp.
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Similar observations were recorded by Pennak (1946), Gorham 
et al (1964), Shilo (1964), and Lund (196$). In the present 
study the small numbers of phytoplankton, probably resulting 
from low nutrient levels and grazing pressure, excreted 
inhibitory substances in such small quantities that the various 
algal populations had but little controlling effect on each 
other. Consequently, the number of phytoplankton species was 
large.
Another explanation could be that the species which 
emerged during the spring and early summer were undergoing a 
reduction in number due to changes in length of photoperiod, 
light intensity, and temperature, while the late summer and 
autumn species were appearing. This ’overlap’ resulted in an 
accumulation of species.
The species diversity of the zooplankton seemed to be 
mainly determined by the presence or absence of certain algal 
populations. During the last half of September and the 
beginning of October, 196S, and from the last half of March 
through June, 1969, a large diversity of zooplankton species 
coincided directly with the phytoplankton biomass.
Generally Rotifera have a surge in May corresponding with 
a rise in temperature and phytoplankton productivity. The 
Landfill Pond showed several rotifer maxima (Graph 10).
Grygierek et al (1966) found that fish had a positive effect 
on the general abundance of examined plankton communities. In 
over-crowded ponds there was a decrease of Crustacea, yet an 
increase in Rotifera. He found that in unstocked ponds Rotifera
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were only abundant in spring. In stocked ponds, like the 
Landfill Pond, Rotifera were abundant in summer and autumn as 
well. Carassius auratus is very abundant in this pond and 
could be an agent of recycling nutrients through the ecosystem, 
which could affect the phytoplankton populations and consequently 
the Rotifera population.
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CHAPTER VI 
PRIMARY PRODUCTION
"Primary production is the net rate of fixation of organic 
carbon by phytoplankton in photosynthesis” (Goldman, I960).
The number of parameters contributing to primary production are 
countless. To handle all of these at once is an impossible 
task. A few parameters will be discussed in detail. These 
were selected as suggested by other ecological studies 
(Riley, 1940; Tressler et al, 1945; Dineen, 1953; Goldman, I960; 
Leach, 1969).
The data compiled in Table 6 summarize the various net 
community production peaks as plotted in the primary production 
graph (Graph 11C). The most pertinent parameters were correlated 
to analyze the circumstances which led to these peaks. The 
following phenomena were observed: whenever large numbers of
phytoplankton were present the amount of carbon fixed per cubic 
metre was much less than was expected from such high numbers.
See for example observations of July 25 and October 3, 196S, 
and March 6, May 10, and June 14, 1969. Small numbers, on the 
other hand, were in comparison generally highly productive as 
was recorded on July 4, August 16, and September 12, 196S.
Similar observations were noted by Wright (1959, I960), Verduin 
(I960), Small (1961b), Howard (1963), Lund (1965), Findenegg 
(1965b), and Vamos (1966).
An increase in concentration of organisms causes a piling
63
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TABLE 6
CORRELATION OF VARIOUS PARAMETERS TO ACCOUNT FOR PEAK OCCURRENCE
ice
Dec. 5 Dec. 21 Febr. 6 March 6 May 10 June 14 June 27.
Chlorophyta 2,000 2,480 6,640 55,040 6,160 4,260 28,000
Cyanophyta 1,480 1,600 4,060 240 240 1,520 8,960
Chrysophyta 320 1,120 960 3,920 401,700 63,360 366,240
Diatoms IS,720 27,200 60 6,200 17,400 4,640 16,640
Euglenophyta 960 760 400 0 19,400 6,060 3,040
Pyrrhophyta 3,760 13,6S0 27,440 69,120 166,030 27,200 73,920
TOTALS 27,320 46,920 41,600 134,520 622,730 109,040 496,800
Rotifera 1,120 1,600 1,600 460 13,660 3,220 9,440
Crustacea 0 0 0 0 60 400 40
Protozoa 1,200 320 4,460 920 2,660 3,520 640
TOTALS 2,320 1,920 6,060 1,400 16,620 7,140 10,120
Chlorophyll a 4.64 13.92 6.24 4.64 16.04 9.56 14.76
TOTAL Carotenoids 1.56 9.26 1.64 3.00 10.00 4.40 5.84
G.P.P.* 469 667 454 499 1314 1141 1336
C.R. 75 263 131 113 336 319 450
N.C.P. 394 424 324 367 976 622 886
Water Temp. (°C) 2.0 1.0 1.5 5.0 13.5 19.0 26.75
Hrs. of Sun 3.1 2.2 4.9 6.4 6.4 7.2 5.5
Highest Possible 9.4 9.1 10.2 11.4 14.4 15.2 15.2
Percentage 33 24 46 56 44 47 36
TOTAL Nitrogen .747 .926 2.974 .734 1.056 .250 .452
TOTAL Phosphorus .12 .10 .06 .12 .09 .09 .05
Iron .27 .12 .26 .27 .26 .08 .34
* Gross Primary Production 
Community Respiration 
Net Community Production
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up of cells and this may produce a shielding effect by which 
energy available from light is reduced (Lund, 1965). Con­
sequently, the rate of cell division was markedly reduced and 
the population decreased in number. While the surge of 
organisms continued the nutrient level was rapidly depleted 
and countless cells died off. In addition the water temperatures 
were high so that bacterial activity was optimal or nearly so, 
resulting in oxygen consumption. The net primary production 
was, therefore, relatively low in spite of the high numbers.
The above limitations do not occur in small plankton pop­
ulations. Other limiting factors come into play such as 
turbidity, quantity and quality of light, and water temperatures. 
Butler (1964) found that the concentrations of chlorophyll a 
and b, and total pigments varied inversely with turbidity as 
was the case in this study. Verduin (1959) concluded from his 
observations that intermediate turbidities seem to promote the 
greatest phytoplankton growth. This phenomenon was not clearly 
evident in the present study.
Light is generally toxic for surface populations as 
Goldman (1960,1961) and Goldman et al (1963) also noted. 
Photosensitivity may briefly be masked by protective carotenes. 
Initial light energy, therefore, drives the system at accelerated 
rate and then light injury shows up in the system (Strickland 
and Parsons, I960; Goldman and Wetzel, 1963). McAllister (1961), 
Elster (1965), Findenegg (1965b), and Lund (1965) reported 
similar observations.
Verduin (1956) recorded high photosynthetic rates on cloudy
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days. It has been shown that the cloud cover screens certain 
portions of the spectrum harmful to phytoplankton. The data 
in this study support these observations. The 24-hour study 
shows that the majority of the phytoplankton was found at the 
two metre level, which is reached by approximately one percent 
of the light. Other evidence was provided by the samples 
collected on June 4, 1969, and by the occurrence of many rainy 
and overcast days during the last four months of this study.
The amount of sunlight was then less than 50 percent of the 
highest possible number of hours as compared to more than 70 
percent from June through September, 196$, (Table 7A,
Appendix I).
Light is needed for chlorophyll a formation. Too much 
light, however, is toxic and tends to inhibit this formation 
at the surface. When light was reduced as a result of a cloud 
cover, large amounts of chlorophyll a were produced. The 
highest amount was reached on May 10, 1969, with 16.04 mg/rrv^ , 
after a week of 44 percent sunshine. On June 27, 1969, another 
peak was recorded of 14.70 mg/m^ after 36 percent of sunshine.
Hobbie (1962) observed that a thick layer of ice achieved 
similar results. At the end of December, 196$, and the first 
half of January, 1969, high levels of 13.92, 13.6$, and 11.92 
mg/m respectively were reached. Ryther (1956) grew cultures 
at lower light intensities and observed that the cultures 
contained 4.3 times as much chlorophyll a per cell and their 
photosynthetic rate per cell was 3 to 4 times that of cells 
grown at light saturation. RytherTs observations cannot be
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generalized, however, because Allen (1963) states that the rate 
of photosynthesis per unit of chlorophyll is not constant, but 
varies within wide limits depending upon the type of organism 
and its physiological condition.
Jackson (1961) and Small (1961b) point out that generally 
Chlorophyta, Pyrrhophyta and Chrysophyta have higher photo­
synthetic rates in colder water, whereas Cyanophyta always have 
higher rates in warmer water. Lund (1965) adds that Chloro­
phyta and Cyanophyta have the greatest absolute and relative 
production of biomass in the longest day lengths.
General statements on a single phylum do not necessarily 
fit all its various sub-divisions. Desmids, belonging to the 
Chlorophyta, can thrive only if the nutrient level of the water 
is low. As a result, desmids are generally associated with 
oligotrophic conditions (Kalff, 1965; Canter and Lund, 1966). 
Towards the end of August, 1969, (Graph 5) when the temperature 
had dropped to 20°C and the nutrient level was low, there was 
a desmid peak.
The most influential single parameter affecting the 
efficiency of chlorophyll a in fixing carbon seems to be water 
temperature. The high levels of chlorophyll a during December, 
196S, and January, 1969, did not fix as much carbon as might be 
expected. The process of productivity slowed down considerably 
even to the point where community respiration exceeded the gross 
community production.
Lower temperatures such as those which occurred in the fall 
of 1968, and spring of 1969, tended to reduce respiration more
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than they reduced the rate of photosynthesis as Goldman (i960) 
also observed. It is also generally valid to say that higher 
chlorophyll concentrations yielded higher respiration in 
relation to photosynthesis. Wright (1959) indicated similar 
observations. Besides low temperatures chlorophyll a was also 
limited by nutrient depletion as Small (1961b) also noted.
Apart from temperature and light, nitrogen and phosphate 
concentrations were probably greatly responsible for peak 
formation. Potash (1956) points out that nitrate is limiting 
during the spring and summer, while phosphate is limiting to 
phytoplankton in winter. Observations from the pond do not 
appear to support this. The pond received sufficient phos­
phates and nitrogen all year round and thus they were generally 
never limiting. Moreover, during the study period heavy rains 
supplied much nitrogen as Lund (1965) also recorded. Temper­
ature, light intensity, and length of the photoperiod seemed 
to be the limiting factors.
An important exception is the case of Dinobryon sp. which 
appeared only after phosphate phosphorus had been largely 
depleted by the spring phytoplankton surge, following the spring 
turnover in March (Graph 7). Bamforth (1956), Lund (1965), and 
Hutchinson (1967).
Goldman (I960), Dugdale and Dugdale (1962), and Lund (1965) 
point out that many blue-greens fix nitrogen. Nostoc sp. is 
known to do this (Stewart, 1967) and possibly Chroococcus sp. 
which peaked towards the end of September and the beginning of 
October, 1966. The nitrogen concentration dropped during that
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period (Graph 4). The surge probably occurred as a result of
the low nitrogen level, rather than as its cause.
Riley (1940) observed a fairly close relationship between 
variations in nitrogen and phosphate. An increase in both was 
usually followed by an increase in plankton. This was not the
case for the winter sampling period in the present study.
A direct correlation between nitrogen levels, temperature, 
and productivity was observed (Table 6). On February 6, 1969, 
the productivity was low since the water temperature was low 
and consequently the nitrogen level was high. As the temper­
ature of the water rose the productivity increased and the 
nitrogen concentration decreased being utilized by plankton 
populations as was observed during the second week of May, 1969. 
At high water temperatures the productivity was high resulting 
in low nitrogen levels as was recorded on August 16, 1963, and 
June 27, 1969.
The carotenoid concentrations were high when the phyto­
plankton and aooplankton population was large and consequently 
the community respiration was high. This resulted in lower net 
primary production. Grazing by zooplankton had a negative 
effect on net productivity.
Many other parameters which were not considered in this 
study influence phytoplankton populations. Copper is needed in 
electron transfer and plant enzymes (Goldman, 1965). Magnesium 
was a major factor limiting photosynthesis of phytoplankton in 
an Alaskan lake throughout the summer as it forms the centre of 
the chlorophyll molecule (Goldman, 1961, 1965). Goldman and
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Wetzel (1963) observed that when large blooms developed, carbon- 
fixation was stimulated by addition of sulfate. Chlorides did 
not seem to limit algal production. Iron increased the phyto­
plankton uptake. However, phosphate and iron were far more 
effective than either alone.
Diatoms generally flourished in spring and autumn 
(Graph G), when particulate and other forms of iron from the 
hypolimnion or bottom were mixed into the water as Goldman and 
Wetzel (1963) suggested.
Productivity, then, is the sum total of all parameters: 
morphometry, chemical, physical, and biological factors. 
Consequently, it characterizes the pond. It was found that 
1 mg of chlorophyll a fixed 2.35 mgC/nvVhr., the year's average. 
Lake Baikal, an olxgotrophic Lake, had a minimum productivity 
from November to January of .125 - .20$ mgC/m^/hr., and a 
maximum productivity from July to August of .625 - 1.040 
mgC/m^/hr per 1 mg of chlorophyll a (Votintsev and Popovskaya, 
1966), considerably less than this pond.
Goldman (1961) studied an Alaskan oligotrophic lake and
O
found an average primary production of .147 mgC/m /hr. Ryther 
and Yentsch (1957) obtained 3.7 mgC/m^/hr for ocean water;
Weber (i9 60) 4.S7 mgC/m^/hr and Small (1961) 4.OS mgC/m^/hr 
for Clear Lake, Iowa.
A criterion for eutrophy set at 4.3 mgC/m^/hr per 1 mg 
of chlorophyll a (Small, 1961b) indicates that the Landfill 
Pond has not yet reached the eutrophic state. It has all the 
characteristics of a system approaching eutrophy. However, it
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does not produce the high numbers of plankton per litre 
indicated by Prescott (196$). If eutrophication continues at 
the same rate it will, no doubt, reach that state within two 
or three years.
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CHAPTER VII
VERTICAL AND HORIZONTAL DISTRIBUTION OF 
PHYTOPLANKTON AND ZOOPLANKTON.
Sampling at regular intervals over a 24-hour period to 
study vertical distribution of plankton or chemical strati­
fication has been done in the past by such investigators as, 
Tressler at al,(1945), Plew and Pennak (1949), Bamforth (195$), 
Small (1961b) and Hobbie (1962). However, none of these 
publications presented detailed information on vertical 
distribution of specific soecies. Tressler's 1945 study was 
the most thorough, but failed to specify the phytoplankton and 
zooplankton. Plew and Pennak investigated the vertical 
distribution of some zooplankters only. Bamforth studied 
temperature, pH, dissolved oxygen, and ammonia over a 4$-hour 
period. Small conducted a general survey and found a homogen­
eous distribution of phytoplankton with depth, but did not 
publish any specific data to support this statement. Hobbie 
studied primary productivity, which entailed a series of three 
dark and light bottle experiments of eight hours duration and 
a general survey of phytoplankton.
Phytoplankton
It is very difficult to draw any general conclusions from
the behaviour of phytoplankton as observed on May 28-29 and
June 4, 1969. Nor is it possible to compare the results with
similar studies in the literature. The study conducted by
Tressler et al (1945), which is most closely related to this
73
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study, is concerned only with surface sampling. No studies 
are known where simultaneous sampling at various depths was 
carried out.
The various migratory patterns of the phytoplankters 
studied appeared to exhibit some degree of light sensitivity. 
The selected Chlorophyta represented by Coelastrum sp., 
Crucigenia sp., Pediastrum sp., and Scenedesmus sp. showed a 
positive phototactic response. However, intense light inhibited 
this response somewhat, so that they were most numerous at the 
one metre level. They became more abundant at the surface only 
after dark.
Low light intensities also appeared to hamper their photo­
tactic response. High turbidity levels on June 4 shielded so 
much light from these Chlorophyta that no response could be 
triggered and consequently they were most abundant at the two 
metre level (Graph 16).
Ceratium hirundinella and Peridinium gatunense. member s of 
the Pyrrhophyta, did not appear to be affected by light and 
exhibited a positive phototactic behaviour, since they were 
most numerous at the surface.
The increase in density of Dinobryon sp. and Uroglena 
volvox between the bottom and the two metre level as it got 
light may be due to a slightly phototactic response. Compared 
to the Chlorophyta light seemed to be more toxic to these 
populations, since they were most abundant at the two metre 
level.
The diatoms, most abundant at the surface, exhibited a
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positive phototactic response similar but to a lesser extent 
than the Pyrrhophyta.
The presence of organic matter seemed to be the main 
cause of euglenoid migration. The Euglenophyta are probably 
heteroauxotrophic (Hutchinson, 1967) and are limited to waters 
relatively rich in organic matter or in contact with sediments 
containing abundant bacteria. They are able to live in habitats 
low in oxygen and may even occur in anaerobic situations 
(Hutchinson, 1967). Euglena spirogyra was most abundant at the 
two metre level, while E. elastica and E. pisciformis 
preferred the bottom. They seemed to be more dependent on 
organic matter than E. spirogvra, which appeared to be photo­
tactic .
As a result of high turbidities on June 4, light reduction 
probably triggered E. spirogyra migration to the surface. E. 
elastica and E. pisciformis although most numerous at the 
bottom, were also present in large numbers at the surface and 
the one metre level, probably because organic matter was 
present throughout the water column as a result of runoff and 
wind action.
The increased density of Dinobryon sp. and Uroglena 
volvox at the bottom after dark could also indicate a need for 
organic matter similar to the Euglenophyta.
From the above observations one can deduce that non- 
motile Chlorophyta are at a distinct disadvantage to the motile 
Euglenophyta, Pyrrhophyta, and Chrysophyta. The latter can 
move towards the light. Even low light intensities due to high
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
turbidities can trigger this response. Chlorophyta appear to 
need an intense stimulus to bring about a photosynthetic 
response which in turn could increase their buoyancy. They 
are also more dependent on density changes of the water as the 
temperatures fluctuate. This could be a major reason why 
Chlorophyta are more successful in less turbid and less 
eutrophic situations.
The formation of a positive-heterograde oxygen curve 
(Hutchinson, 1957) at the two metre level on May 28-29 was the 
result of photosynthetic activity of large phytoplankton 
populations at the two metre level. Goldman (i9 6 0), English 
(1962), and Elster (1965) noted similar observations. This 
phenomenon is particularly characteristic of oligotrophic 
lakes in the summer, when light intensities are most toxic.
Zooplankton
As a result of the presence of large numbers of phyto­
plankton Rotifera and Protozoa, the most important grazers, 
were most abundant at the two metre level.
The observations recorded on May 28-29, and June 4 
suggest a possible prey-predator relationship between Keratella 
cochlearis and Polyarthra sp. This has not been reported in 
the literature. Edmondson (1965) observed that Asplanchna 
priodonta preys on Keratella cochlearis. He also observed 
that Polyarthra sp. can suck in organisms of 15 to 20 microns 
entirely, while larger ones of 35 microns may be broken and 
emptied by sucking. Keratella cochlearis could undergo the 
same fate.
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Small (1961b) observed, that if two species of the same 
genus occur together, one will be many times more abundant 
than the other. The results of this study support this. 
Keratella cochlearis was far more abundant than K. quadrata 
at all depths. The distribution of Filinia terminalis and F. 
longiseta suggests that this observation can also be applied 
to each depth separately. While F. terminalis occurred in 
the upper two metre stratum, F. longiseta appeared only at the 
bottom and in much higher numbers than F. terminalis. It might 
be that one of the two species is more successfully competing 
for the same niche.
The same explanation can be applied to horizontal distri­
bution. Langford (1966) demonstrated that the idea of homo­
geneous uniform distribution of plankton as a result of wind 
can no longer be sustained. The results of a study conducted 
on May 23, 1969, support the validity of this statement. On 
that day it was found that where Keratella cochlearis was 
abundant K. quadrata was low and vice versa. Similarly where 
Polyarthra sp. was most numerous K. cochlearis was present in 
low numbers. \  /
This Landfill Pond shows a highly variable nature from 
week to week and season to season during its annual cycle. The 
results of this study emphasize the fact that this lentic 
ecosystem is distinctive and worthy of a meticulous investi­
gation.
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CHAPTER VIII 
■SUMMARY
1. Physical, chemical, and biological data were obtained 
from June 13, 1966, to June 27, 1969, in a study of the general 
limnology of a pond located on the premises of a sanitary 
landfill area in Windsor, Ontario. Special attention was 
given to the population dynamics of the surface phytoplankton 
and its primary productivity, and the surface zooplankton.
2. A constant supply of mineral nutrients through seepage 
from the nearby city dump, surface runoff, precipitation, and 
wind, combined with a mean depth of 1.05 metre, were suggested 
as dominant factors in the regulation of productivity and were 
chiefly responsible for the eutrophic character of the pond.
3. The average mineral concentrations were generally 
higher than the mean mineral levels of North American river 
and lake waters.
4. The total plankton population consisted of 102 species 
of phytoplankton and more than 60 species of zooplankton. The 
Chrysophyta were the most abundant phytoplankters, of which 
Dinobryon sertularia was the dominant species. The most 
abundant zooplankters were the Rotifera of which Polyarthra sp. 
and Keratella cochlearis were the dominant species.
5. Zooplankton populations generally increased after a 
phytoplankton surge. Rotifera were also abundant during the 
summer and autumn probably because of the presence of
76
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Carassius auratus.
6. Whenever large numbers of phytoplankton were present 
the amount of carbon fixed per cubic metre was much less than 
was expected. This was attributed mainly to a shielding 
effect and high decomposition rate. Small numbers fixed pro­
portionately much greater quantities of carbon.
7. Light was generally found to be toxic for surface 
populations. Lengthy periods of overcast skies, as well as a 
thick ice cover, promoted chlorophyll formation.
S. The most influential single parameter affecting the 
efficiency of chlorophyll a in fixing carbon seemed to be 
water temperature. Higher temperatures has a stimulating 
effect. Low temperatures occurring during the winter months 
virtually annihilated its activity.
9. The pond was chiefly characterized by its product­
ivity, since productivity is the sum total of all its para- 
meters. A fixation rate of 2.35 mgC/nr/hour per 1 nig of 
chlorophyll a indicates that the Landfill Pond has not yet 
reached the 4.3 mgC/m^/hour set as a criterion for the 
eutrophic state. If the rate of eutrophication continues at 
the same pace the pond will reach this state within two or 
three years.
10. The various migratory patterns recorded during the 
24-hour investigation conducted on May 2$-^ 29, 1969, and the 
study on June 4, 1969, seemed to indicate that the non-motile 
Chlorophyta are at a distinct disadvantage over the motile 
Euglenophyta, Pyrrhophyta, and Chrysophyta. The latter can
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more easily respond even to low light intensities. Chloro­
phyta apparently need an intense stimulus to bring about a 
photosynthetic response, which in turn could increase their 
buoyancy. The high turbidity levels in the pond inhibited 
this response.
11. The formation of a positive-heterograde oxygen curve 
at the two metre level on May 2g-29, 1969, was the result of 
photosynthetic activity of large phytoplankton populations at 
that level.
12. Observations appear to suggest a predator-prey 
relationship between Polyarthra sp. and Keratella cochlearis.
13. Whenever two Rotifer species of the same genus 
occurred together, such as K. cochlearis and K. quadrata. and 
Filinia terminalis and F. longiseta. the one or the other 
species was most abundant. This proved to be true for vertical 
as well as horizontal distribution.
14. Wind affected the horizontal distribution of all 
plankton populations markedly.
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APPENDIX I. PHYSICAL AND CHEMICAL PARAMETERS, 
June 13, 1966, to July 12, 1969,
61a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
TABLE 7A
CHEMICAL ANALYSIS SUMMARY from
June 13, 1968 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surface sampling
Date J.13 20 27 J.4 11 15
Time 11:00 -
12:00 noon
Temperature - Air 14.5 16 15 21.5 22 29.5
- Water 14.0 21 19 21.0 23.5 26.0
Alkalinity
Hydroxide 0 0 0 0 0 0
Carbonate 15 10 15 20 10 10
Bicarbonate 215 240 210 225 220 220
TOTAL 230 250 225 245 230 230
Carbon Dioxide Free 10 15 15 15 10 5
Chloride as Cl 147.5 147.5 145 120 122.5 127.:
Chlorine .022 .014 .01 .02 .01 .020
Copper .675 .495 .405 .405 .39 .39
Fluoride .59 .52 .46 .50 .55 .50
Hardness
Calcium 120 140 125 115 110 100
Magnesium 100 130 145 125 120 120
TOTAL 220 270 270 240 230 220
Iron .30 .19 .325 .17 .145 .17
Manganese *.65 3.32 1.0 1.68 2.60 1.48
Nitrogen
Nitrate .775 .959 .471 .513 .676 .285
Nitrite .075 .041 .029 .037 .024 .015
TOTAL .65 1.0 .50 .55 .70 .30
Dissolved Oxygen 7.0 10.0 5.0 9.0 10.0 9.0
pH 6.5 6.5 6.5 6.5 6.5 6.5
Phosphate
Ortho .01 .01 .05 .01 .02 .01
Meta (poly) .07 .04 .07 .055 0 .02
TOTAL .OS .05 .12 .065 .02 .03
Silica .255 .15 0 .61 .70 .34
Sulfate 93 118 97.75 95.5 91 66
Turbidity in J.U. 40.5 30 95 44 44 20
Average hrs. of
Sunshine 10.6 6.9 6.1 8.8 11.0 13.1
Highest possible No.
of Sunshine hrs. 15.1 15.1 15.1
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TABLE 7A (cont’d) 
CHEMICAL ANALYSIS SUMMARY from
June 13, 1966 to July 12, 1969 incl
Location: Sanitary Landfill Pond 
Surface sampling
Date: J .13 20 27
•
J. 4 11
Time 11:00 -
12:00 noon 
Temperature - Air 14.5 16 15 21.5 22
- Water 14.0 21 19 21.0 23.5
Alkalinity
Hydroxide 0 0 0 0 0
Carbonate 15 10 15 20 10
Bicarbonate 215 240 210 225 220
TOTAL 230 250 225 245 230
Carbon Dioxide Free 10 15 15 15 10
Chloride as Cl 147.5 147.5 145 120 122.
Chlorine .022 .014 .01 .02 .01
Copper .675 .495 .405 .405 .39
Fluoride .59 .52 . 46 .50 .55
Hardness
uai^ium 120 140 125 115 110
Magnesium 100 130 145 125 120
TOTAL 220 270 270 240 230
Iron .30 .19 .325 .17 .145
Manganese *.65 3.32 1.0 1.66 2.60
Nitrogen
Nitrate .775 .959 .471 .513 .676
Nitrite .075 .041 .029 .037 .024
TOTAL .65 1.0 .50 .55 .70
Dissolved Oxygen 7.0 10.0 5.0 9.0 10.0
pH 6.5 6.5 6.5 6.5 6.5
Phosphate
Ortho .01 .01 .05 .01 .02
Meta (poly) .07 .04 .07 .055 0
TOTAL .06 .05 .12 .065 .02
Silica .255 .15 0 .61 .70
Sulfate 93 116 97.75 95.5 91
Turbidity in J.U. 40.5 30 95 44 44
Average hrs. of 
Sunshine 10.6 6.9 6.1 6.6 11.0
Highest possible No. 
of Sunshine hrs. 15.1 15.1 15.1
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TABLE 7A (cont’d)
CHEMICAL ANALYSIS SUMMARY from
June 13, 1968 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surface sampling
Date
Time 11:00 -
12:00 noon
15 25 A.l 6 16 23
Temperature - Air 29.5 25.0 27.0 29.0 29.0 27.0
- Water 26.0 24.5 23.5 26.0 26.0 28.0
Alkalinity
Hydroxide 0 0 0 0 0 0
Carbonate 10 10 10 10 15 15
Bicarbonate 220 225 230 240 250 245
TOTAL 230 235 240 250 265 260
Carbon Dioxide Free 5 20 20 10 35 25
Chloride as Cl 127.5 122 .5 80 140 145 100
Chlorine .020 .0065 .016 .014 .014 .012
Copper .39 . 46 .55 .48 .43 .36
Fluoride .50 .55 .535 .62 .59 .52
Hardness
Calcium 100 105 115 140 130 115
Magnesium 120 115 105 85 115 125
TOTAL 220 220 220 225 245 240
Iron .17 .23 .18 .16 .18 .16
Manganese 1.4S .35 1.33 1.925 .90 1.33
Nitrogen
Nitrate .285 .387 .893 .2395 .49 .592
Nitrite .015 .013 .007 .0105 .01 .008
TOTAL .30 .40 .90 .25 .50 .60
Dissolved Oxygen 9.0 7.0 7.0 8.0 8.0 7.0
pH S.5 8.5 8.0 8.5 8.5 8.5
Phosphate
Ortho .01 .015 .015 .001 .002 .04
Meta (poly) .02 .005 .005 .0045 .058 .03
TOTAL .03 .02 .02 .0055 .06 .07
Silica .34 .43 .48 .44 .335 .47
Sulfate 66 82 73.25 77.5 64.5 34.75
Turbidity in J.U. 20 61 60 36 45.0 47.0
Average hrs. of
8.6Sunshine 13.1 11 11.7 10.2 9.9
Highest possible No.
14.8 13.8of Sunshine hrs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
64
TABLE 7A (cont’d)
CHEMICAL ANALYSIS SUMMARY from
June 13, 1966 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surface sampling
Hq f o •
Time: 11:00 to
12:00 noon
29 S.5 12 19 S.24 0.3
Temperature - Air 17.5 24.0 17.0 20.0 14.5
- Water
Alkalinity
21.0 23.0 19.0 21.0 21.0 16.0
Hydroxide 0 0 0 0 0
Carbonate 10 15 30 20 10
Bicarbonate 260 250 255 175 290
TOTAL 270 265 265 195 300
Carbon Dioxide Free 35 30 10 5 7.5
Chloride as Cl 132.5 130 137.5 140 152.5
Chlorine .003 .022 .010 .010 .016
Copper .50 .62 .42 .27 .34
Fluoride .55 .59 .62 .67 .73
Hardness
Calcium 130 130 135 120 140
Magnesium 125 125 145 170 160
TOTAL 255 255 260 290 300
Iron .11 .20 .16 .16 .30
Manganese *.655 1.00 2.27 1.60 *.46
Nitrogen
Nitrate 1.169 .69 .70 .70 .44
Nitrite .011 .01 .015 .012 .011
TOTAL 1 -.2 .70 .715 .712 .451
Dissolved Oxygen 7.0 7.0 6.0 7.0 6.2
pH 6.5 6.5 6.5 6.0 6.5
Phosphate
Ortho .03 .04 .04 .03 .03
Meta (poly) .01 .00 .02 .01 .11
TOTAL .04 .04 .06 .04 .14
Silica .64 .35 .45 .32 .29
Sulfate 72.0 52.5 45.5 67 56.0
Turbidity in J.U. 
Average hrs. of
43.0 32 44 39 42 39
Sunshine
Highest possible No, 
of Sunshine hrs.
10.6
*13.3
9.7 6.4
12.7
10.6 5.0 6.0
11.6
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TABLE 7A (cont'd)
CHEMICAL ANALYSIS SUMMARY from
June 13, 1963 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surface sampling
Date:
Time: 11:00 -
12:00 noon
10 17 24 31 N.7 14
Temperature - Air 14.0 22.3 7.5 12.0 6.5 7.0
- Water
Alkalinity
14.5 20.0 11.5 7.0 3.0 4.0
Hydroxide 0 0 0 0 0 0
Carbonate 10 20 15 20 15 15
Bicarbonate 290 290 290 290 295 302
TOTAL 300 310 305 310 310 317
Carbon Dioxide Free 7.5^ 7.5 7.5 7.5 7.5 7.5
Chloride as Cl 160 165 172.5 174 172.5 170
Chlorine .012 0 0 .002 .003 .002
Copper .31 .205 .31 .41 .29 .26
Fluoride .62 .60 .52 .46 . 64 .66
Hardness
Calcium 140 130 150 155 150 145
Magnesium loO 170 150 150 160 175
TOTAL 300 300 300 305 310 320
Iron .11 .17 .21 .13 .14 .17
Manganese ❖ .30 1.95 1.97 1.75 2.10 2.03
Nitrogen
Nitrate .22 .352 .413 .396 .462 .523
Nitrite .031 .014 .02 .029 .030 .037
TOTAL .251 .366 .433 .425 .492 .565
Dissolved Oxygen 7.0 - 3.0 7.0 3.5 9.0 10.0
pH 3.5 3.5 3.5 3.5 3.5 3.5
Phosphate
Ortho 0 .015 .03 .04 .01 .02
Meta (poly) .16 .055 .04 .00 .04 .04
TOTAL .16 .07 .07 .04 .05 .06
Silica .50 .41 .57 .57 .52 .29
Sulfate 67.0 62.0 62.0 95.5 79.0 95.5
Turbidity in J.U. 
Average hrs. of
54 50 61 56 71 56 '
Sunshine
Highest possible No. 
of Sunshine hrs.
6.5
11.3
9.9
10.9
5.6 2.4
10.4
5.3 3.4
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TABLE 7A (cont’d)
CHEMICAL ANALYSIS SUMMARY from
June 13, 1968 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surfac e
Date:
Ice Cover
Time: 11:00 -
12:00 noon 
Temperature - Air
- Water
Alkalinity
Hydroxide
Carbonate
Bicarbonate
TOTAL
Carbon Dioxide Free
Chloride as Cl
Chlorine
Copper
Fluoride
Hardness
Calcium
Magnesium
TOTAL
Iron
Manganese
Nitrogen
Nitrate
Nitrite
TOTAL
Dissolved Oxygen
pH
Phosphate
Ortho
Meta (poly) 
TOTAL
Silica
Sulfate
Turbidity in J.U. 
Average hrs. of 
Sunshine
Highest possible No 
of Sunshine hrs.
sampling
21 D. 5 14
2-2i«
A. 5 
2.0
0.0
2.0
2.0
1.0
0
20
290
310
0
10
265
275
0
14
270
284
20
172.5
.003
.29
.675
10
160
.027
.41
.60
15
152.5
.003
.65
.66
155
160
315
160
140
300
160
140
300
.10
1.90
.27
.65
.20
1.60
.594
.041
.635
.704
.043
.747
.836
.053
.889
12.0
9.0
12.0
6.5
13.0
9.0
.03
.03
.06
.02
.10
.12
.04
.17
.21
.7^
67.0
56
.68
150
88
.38
125.0
71
0.3 3.1 2.1
9.9 9.0 
*s =
21
4-4 hn
J.4
s
8-10”
11
s
12"
.00
1.0
-8.5
.20
-6.0
0.0
0
10
280
290
0
0
180
180
0
10
205
215
15
210
.002
.57
.55
15
103
.016
.39
.87
15
120
0
.29
.38
170
140
310
140
80
220
145
105
250
.12
1.52
.09
.51
.23
.58
.792
.136
.928
1.62
.072
1.692
1.408
.053
1.461
12.0
8.5
13.0
8.5
12.0
8.0
.06
.04
.10
.075
.045
.12
.05
.04
.09
.72
112.0
58
.74
87.0
9 5 .
.97
100.0
81
2.2 1.7
9.2
2.7
snow
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TABLE 7A (cont'd)
CHEMICAL ANALYSIS SUMMARY from
June 13, 1968 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surface sampling
Date:
Ice Cover
19 J.30 F.6 13 22
Time: 11:00 -
12:00 noon
15" 10" 12-14" 12-14" 10-12
Temperature - Air 4.5 9.5 -2.0 -5.0 4.0
- Water .50 .50 1.5 2.0 3.0
Alkalinity
Hydroxide 0 0 0 0 0
Carbonate 10 25 15 10 10
Bicarbonate 155 100 135 150 170
TOTAL 165 125 150 160 180
Carbon Dioxide Free 15 10 7.5 7.5 12.5
Chloride as Cl 90 60 100 97.5 112.5
Chlorine .002 .012 .002 .010 .010
Copper .36 .36 .34 .46 .41
Fluoride .30 .27 .53 .43 • 46
Hardness
Calcium 120 100 135 140 140
Magnesium 40 50 70 75 77
TOTAL 160 150 205 215 217
Iron .63 .72 .26 .32 .24
Manganese .26 .40 .63 .63 .80
Nitrogen
Nitrate 2.0b8 2.134 2.904 2.024 1.10
Nitrite .05 .053 .07 .069 .053
TOTAL 2.116 2.187 2.974 2.093 1.153
Dissolved Oxygen 11.0 9.3 6.0 9.0 9.0
pH 6.0 7.5 6.0 6.5 6.75
Phosphate
Ortho .085 .10 .065 .05 .06
Meta (poly) .075 .015 .015 .08 .02
TOTAL .16 .115 .06 .13 .06
Silica .77 >1.30 .94 .93 1.3
Sulfate 62.0 49.0 95.5 132 93.5
Turbidity in J.U. 
Average hrs. of
137 157 106 77 61
Sunshine
Highest possible No. 
of Sunshine hrs.
1.7 2.8
10.0
4.9 2.7
10.5
6.2
10.8
M.6
2 .5
5 .0
0
10
150
165
7.5 
95 
.010 
.36 
• 46
120
70
190
.27
.56
.704
.030
.734
9.0
9.0
.065
.055
.12
.66
64.5
49
6.4
11.4
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TABLE 7A (cont’d)
CHEMICAL ANALYSIS SUMMARY from
June 13, 1968 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surface sampling
Date: 15 21 27 Ap.3 10 19
Time: 11:00 -
12:00 noon 
Temperature - Air
- Water
3.5
2.0
2.5
6.0
2.0
4.0
12.5
4.0
13.5
11.5
7.0
10.0
Alkalinity
Hydroxide
Carbonate
Bicarbonate
TOTAL
0
10
210
220
0
10
210
220
0
10
210
220
0
10
215
225
0
10
210
220
0
5
215
220
Carbon Dioxide Free
Chloride as Cl
Chlorine
Copper
Fluoride
22.5
128
.012
.33
.55
12.5
132
.007
.33
.53
15
125
.012
.46
.55
10
127.5
.005
.44
.64
10
130
.016
.56
.67
20
125
.033
.68
.59
Hardness
Calcium
Magnesium
TOTAL
155
95
250
170
80
250
160
85
245
170
70
240
160
80
240
165
85
250
Iron
Manganese
.17
.51
.22
.54
.18
.51
.21
.40
.09
.43
.24
.43
Nitrogen
Nitrate
Nitrite
TOTAL
.726
.028
.754
.88
.028
.908
.968
.033
1.001
.792
.018
.810
.968
.033
1.001
1.01;
.036
1.041
Dissolved Oxygen 
PH
12.0
8.5
11.0
8.5
11.0
8.5
12.0
9.0
9.0
8.5
8.0
8.5
Phosphate
Ortho
Meta (poly) 
TOTAL
.065
.015
.08
.05
.10
.15
.03
oil
.14
.02
.058
.078
.03
.035
.065
.065
.105
.17
Silica
Sulfate
Turbidity in J.U. 
Average hrs. of 
Sunshine
Highest possible no. 
of Sunshine hrs.
.78
100.0
68
7.7
11.8
.70
89.0
68
9.8
12.2
.66
91.0
56
3.8
12.5
.56
80.0
51
6.2
12.8
.56
95.5
47
8.4
13.1
.49
91.0
131
7.3
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TABLE 7A (cont’d)
CHEMICAL ANALYSIS SUMMARY from
June 13, 1968 to July 12, 1969 incl.
Location: Sanitary Landfill Pond
Surface sampling
Date: 26 Ma.2 10 16 Ma.23 J • 4
Time: 11;00 -
12:00 noon 
Temperature - Air
- Water
22.0
13.0
22.5
15.5
11.0
13.5
24.5
18.0
13.0
16.0
22.0
17.0
Alkalinity
Hydroxide
Carbonate
Bicarbonate
TOTAL
0
10
200
210
0
10
190
200
0
5
180
185
0
10
195
205
0
10
185
195
0
5
170
175
Carbon Dioxide Free
Chloride as Cl
Chlorine
Copper
Fluoride
10
125
.013
.42
.57
15
125
.012
.38
.67
10
115
.012
.44
.64
15
107
.002
.29
.73
15
108
.010
.40
.67
10
100
.002
.43
.62
Hardness
Calcium
Magnesium
TOTAL
160
85
245
160
90
250
150
85
235
150
75
225
150
75
225
130
80
210
Iron
Manganese
.11
.46
.11
.58
.26
.58
.12
.30
.15
.35
.23
.30
Nitrogen
Nitrate
Nitrite
TOTAL
1.100
.036
1.136
1.320
.043
1.363
1.012
.044
1.056
.968
.033
1.001
.748
.032
.780
.572
.019
.591
Dissolved Oxygen 
pH
11.0
9 .0
11.0
9.0
8.0
8.5
10.0
9.0
9.0
8.5
7.0
8.0
Phosphate 
Ortho 
Meta (poly) 
TOTAL
.03
.0B5
.115
.03
.05
.08
.02
.07
.09
.04
.04
.08
.04
.03
.07
.06
.03
.09
Silica
Sulfate
Turbidity in J.U. 
Average hrs. of 
Sunshine
Highest possible no. 
of Sunshine hrs.
.46
91.0
64
S.6 
13.8
.25
100.0
59
9.1
14.1
.26
114.0
114.0
6.4
.36
106.0
61
8.7
14.6
.38
103.0
58
4.6
14.9
.41
89
112
9.9
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TABLE 7A (cont’d)
CHEMICAL ANALYSIS SUMMARY from
June 13, 196S to July 12, 1969 incl
Location: Sanitary Landfill Pond
Surface sampling
Date: 14 20 27
Time: 11:00 -
12:00 noon 
Temperature - Air 12.0 19.0 30.0
- Water 19.0 20.0 26.7!
Alkalinity
Hydroxide 0 0 0
Carbonate 2 5 10
Bicarbonate 173 175 165
TOTAL 175 ISO 175
Carbon Dioxide Free 10 7.5 5
Chloride as Cl 105 106 10S
Chlorine .020 .010 .007
Copper .32 .36 .43
Fluoride .65 .62 .61
Hardness
Calcium 140 135 140
Magnesium SO 75 75
TOTAL 220 210 215
Iron .OS .15 .34
Manganese . 46 .35 .49
Nitrogen
Nitrate .242 .308 .440
Nitrite .oos .006 .012
TOTAL .250 .314 .452
Dissolved Oxygen s.o 9.0 S.O
pH 9.0 9.0 9.0
Phosphate
Ortho .02 .04 .03
Meta (poly) .07 .03 .02
TOTAL .09 .07 .05
Silica . 2S .23 .09
Sulfat e 95.5 95.5 93.5
Turbidity in J.U. 54 54 75
Average hrs. of 
Sunshine 7.2 6.9 5.5
Highest possible no. 
of Sunshine hrs. 15.2 15.2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
91
Location:
TABLE 7B
CHEMICAL ANALYSIS SUMMARY from
June 13, 1968 to July 12, 1969 incl.
Sanitary Landfill Pond 
Surface sampling
Date:
Seepa^ 
July 10, 196‘
e^ Study
July 12, 1969
I II III IV at duck
11:00 - 12:00 noon 
Temperature - Air
- Water
Alkalinity
S
25°
W
25°
E
2$°
N
25°
3M pond 
depth surface
Hydroxide 0 0 0 0 0 u
Carbonate 10 4 5 8 4 0
Bicarbonate 170 170 170 167 204 320
TOTAL
Carbon Dioxide Free
Cloride as Cl
Chlorine
Copper
Fluoride
180 174 175 175 208 320
Hardness
Calcium 148 140 140 137 158 260
Magnesium 62 65 70 75 64 150
TOTAL 210 205 210 212 222 410
Iron
Manganese
.26 .29 .27 .28 .60 .42
Nitrogen
Nitrate .440 . 484 .660 .642 .484 .374
Nitrite .013 .012 .029 .032 .013 .007
TOTAL
Dissolved Oxygen 
pH
.453 .496 .689 .674 .497 .381
Phosphate
Ortho .03 .02 .07 .02 .11 .08
Meta (poly) .04 .04 .07 .04 .03 . .06
TOTAL .07 .06 .14 .06 .14 .14
Silica
Sulfate
.30 .21 .33 .20 .39 .16
Turbidity in J.U. 73 74 59 61 228 68
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TABLE 3
MEAN, VARIANCE AND STANDARD DEVIATION OF 
VARIOUS CHEMICAL ANALYSIS DATA.
X
TOTAL Alkalinity 231.7
Carbon dioxide(free) 13.3
Chloride as Cl 129.5
Chlorine .0104
Copper .412
Fluoride .57$
TOTAL Hardness 243.1
Calcium 139.2
Magnesium 103.9
Iron .207
Manganese 1.03
TOTAL Nitrogen .397
Nitrate .343
Nitrite .033
Oxygen(dissolved) 9.06
TOTAL Phosphate .035
Ortho .035
Meta .043
Silica .536
Sulfate 36.5
Turbidity 64.4
2 No. of
CT O' Measurements
1136.9 34.5 49
46.2 6.3 49
797.5 23.2 49
.00005 .007 49
.011 .106 49
.012 .011 49
155S.4 39.5 49
67.2 3.20 49
1223.2 35.0 49
.013 .116 49
.515 .713 49
1.145 1.07 49
.239 .054 49
.205 .452 49
3.55 1.33 49
.797 .393 49
.0005 .022 49
.001 .039 49
.073 .230 49
334.2 13.3 49
750.7 27.4 50
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APPENDIX II. BIOLOGICAL FACTORS.
POPULATION DYNAMICS OF PHYTO- 
AND ZOOPLANKTON.
94a
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TABLE 10A
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 196S to June 27, 1969.
PHYLUM CHLOROPHYTA JU.3 20 27 Ju.4 11 15 25
A ) CHLOROPHYCEAE
i Order Volvocales 
Carteria sp.
Chlamydomonas sp.
Eudorina elegans 
Pandorina morum 
Pleodorina sp.
Haeraatococcus lacustris
SO
40 40 40 40
40
Order Tetrasporales 
Asterococcus sp.
Gloeocystis sp.
Sphaerocystis schroeteri 40
iii Order Ulotrichales
Fam. Ulotrichaceae 
Ulothrix sp.
iv Order Chlorococcales 
Botryococcus braunli 
Actidesmium hookerii 
Pediastrum duplex 
P. biradiatum 
P. boryanum 
P. integrum var. priva 
P. tetras 
Coelastrum sp.
C. cambricum 
C. sphaericum
160
40
SO
40
2S0 360
40
SO 600
40
2S0
40
40
vO
■P-
A.l
40
40
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Ankistrodesmus falcatus 
Chlorella ellipsoides 
C. vulgaris
Dictyosphaerium pulchellum 
Lagerheimia sp.
Schroederia sp.
Selenastrum sp.
S. westii 
Tetraedron sp.
Treubaria setigerum 
Actinastrum gracilimum 
Crucigenia sp.
C. crucifera 
C. rectangularis 
C. tetrapedia 
Scenedesmus acuminatus 
S. bijuga
S. bijuga var. alternans 
S. dimorphus 
S. obliquus 
S. quadricauda
B) S. PHYLUM Conjugatea (conjugales)
Mougeotia sp.
Gonatozygon sp.
Mesotaenium sp.
Desmid sp.
Closterium sp.
Cosmarium sp.
C. monomazum 
Euastrum sp.
Penium polymorphum 
Pleurotaenium 
Filamentous algae
1120
40
BO
40
40
200
TOTALS 1BB0
BO 2B0 120 BO BO
B40
40 40 40
40
40
BO 200 40 40 BO 440 1200
40
40 40
40 160 40 BO 560
160 BO
40
2B0 240
640 1120 460 BOO 560 1B00 22B0 VOvn
Reproduced 
with 
perm
ission 
of the 
copyright owner. 
Further reproduction 
prohibited 
without perm
ission.
TABLE 10A (cont’d) 
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 196S to June 27, 1969.
vOo
PHYLUM CHLOROPHYTA 
A) CHLOROPHYCEAE
i Order Volvocales 
Carteria sp. 
Chlamydomonas sp. 
Eudorina elegans 
Pandorina morum 
Pleodorina sp. 
Haematococcus lacustris
ii Order Tetrasporales 
Asterococcus sp. 
Gloeocystis sp. 
Sphaerocystis schroeteri
iil Order Ulotrichales
A . 6 16 23 29 S.5 12 19 24
40
40
40
40
960
120
2720
2160
40
40
40
40
200
40
160 40 40 160
40
1200 640
40
S00 2&0
1400
1200
Fam. Ulotrichaceae 
Ulothrix sp.
iv Order Chlorococcales 
Botryococcus braunii 
Actidesmium hookerii 
Pediastrum duplex 
P. biradiatum 
P. boryanum 
P. integrum var. priva 
P. tetras 
Coelastrum sp.
C. cambricum 
C. sphaericum
40
40
40
40 200 160 BO 160
40
40
40
340
40
120
go 40
40
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Ankistrodesmus falcatus 440
Chlorella ellipsoides 
C. vulgaris
Dictyosphaerium pulchellum 40
Lagerheimia sp.
Schroederia sp.
Selenastrum sp.
S. westii 
Tetraedron sp.
Treubaria setigerum 
Actinastrum gracilimum 
Crucigenia sp.
C. crucifera
C. rectangularis
C. tetrapedia
Scenedesmus acuminatus
S. bijuga 80
S. bijuga var. alternans
S. dimorphus
S. obliquus
S. quadricauda 80
B) S. PHYLUM Conjugatea (conjugales)
Mougeotia sp. 680
Gonatozygon sp.
Mesotaenium sp.
Desmid sp.
Closterium sp. 120
Cosmarium sp. 1640
Co monomazum 80
Euastrum sp.
Penium polymorphum 40
Pleurotaenium
Filamentous algae 160
TOTALS 3640
40 260 280 120 320 280
40 40 40
40
40
40
80 40
40
40
40
200
40
120
80
400
160
480
120
80
200
40
40
. 40 
80
160
320
80
40 40 40 40
160
40
160 40 280 160 280 160
40
80
3400
40
8280
120
120
5520
40
40
80
840 560
80
400
240
280
120 40 120 40
160 180 240 40 40
5360 14400 8740 3800 2640 3240 260C vO
TABLE 10A (cont'd) 
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
.June 13, 196S to June 27, 1969.
PHYLUM CHLOROPHYTA
A) CHLOROPHYCEAE
i Order Volvocales 
Carteria sp. 
Chlamydomonas sp. 
Eudorina elegans 
Pandorina morura 
Pleodorina sp. 
Haematococcus lacustris
\ydLi Order Tetrasporales 
Asterococcus sp. 
Gloeocystis sp. 
Sphaerocystis schroeteri
iii Order Ulotrichales
Xy/ Fam. Ulotrichaceae 
Ulothrix sp.
0.3 10 17 24
400 640 160 160
SO SO
iv Order Chlorococcales
Botryococcus braunii . SO SO SO
Actidesmium hookerii
Pediastrum duplex 120 40
P. biradiatum 
P. boryanum
P. integrum var. priva 
P. tetras
Coelastrum sp. 40
C. cambricum 40
C. sphaericum
31
160
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Ankistrodesmus falcatus 
Chlorella ellipsoides 
C. vulgaris
Dictyosphaerium pulchellum 
Lagerheimia sp.
Schroederia sp.
Selenastrurn sp.
S. westii 
Tetraedron sp.
Treubaria setigerum 
Actinastrum gracilimum 
Crucigenia sp.
C. crucifera 
C. rectangularis 
C. tetrapedia 
Scenedesmus acuminatus 
S. bijuga
S. bijuga var. alternans 
S. dimorphus 
S. obliquus 
S. quadricauda
B) S. PHYLUM Conjugatea (conjugales)
Mougeotia sp.
Gonatozygon sp.
Mesotaenium sp.
Desmid sp.
Closterium sp.
Cosmarium sp.
C. monomazum 
Euastrum sp.
Penium polymorphum 
Pleurotaenium 
Filamentous algae
2B0
40
BO
BO
40
BO
BO
10
TOTALS 1330
1B40 4B0 200 140 640 640 1360
120
40
40
320 BO 160 160 160
BO
2B0 BO BO BO
40
4B0 200 40 BO 160
40 320 BO 40 120 240
BO
BO
BO
BO 320 BO BO BO BO
3BB0 1640 1040 500 1200 1360 24OO vo
v O
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TABLE 10A (cont Td) 
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 1966 to June 27, 1969.
PHYLUM CHLOROPHYTA
A } CHLOROPHYCEAE
i Order Volvocales 
Carteria sp. 
Chlamydomonas sp. 
Eudorina elegans 
Pandorina morum 
Pleodorina sp. 
Haematococcus lacustris
ii Order Tetrasporales 
Asterococcus sp. 
Gloeocystis sp. 
Sphaerocystis schroeteri
iii Order Ulotrichales
Fam. Ulotrichaceae 
Ulothrix sp.
iv Order Chlorococcales 
Botryococcus braunii 
Actidesmium hookerii 
Pediastrum duplex 
P. biradiatum 
P. boryanum
P. integrum var. priva 
P. tetras 
Coelastrum sp.
C. cambricum 
C. sphaericurn
D.5 14 21 Ja.4 11 IS 30 F.6
SO SO 320 
SO
160 320 
SO
SO
100
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Ankistrodesmus falcatus 1120
Chlorella ellipsoides 
C. vulgaris 240
Dictyosphaerium pulchellum 
Lagerheimis sp.
Schroederia sp.
Selenastrum sp.
S. westii 
Tetraedron sp.
Treubaria setigerum 60
Actinastrum gracilimum 
Crucigenia sp.
C. crucifera 
C. rectangularis
C. tetrapedia SO
Scenedesmus acuminatus 
S. bijuga
S. bijuga var. alternans 
S. dimorphus 
S. obliquus
S. quadricauda 320
B) S. PHYLUM Conjugatea (conjugales)
fe^ti^eotia sp.
Gonatozygon sp.
Mesotaenium sp.
Desmid sp.
Closterium sp.
Cosmarium sp.
C. monomazum 
Euastrum sp.
Penium polymorphum
Pleurotaenium SO
Filamentous algae
TOTALS 2000
720 1440 160
400
SO SO 240 400 400 ?6S0
SO S00
SO
SO
240 SO
SO
1440 2460 560 400 0 640 6640
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TABLE 10A (c ont’d )
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 1968 to June 27, 1969.
PHYLUM CHLOROPHYTA F.13 22 M.6 13 20 27 A.3
A ) CHLOROPHYCEAE
i Order Volvocales 
Carteria sp.
Chlamydomonas sp.
Eudorina elegans 
Pandorina morum 
Pleodorina sp.
Haematococcus lacustris
ii Order Tetrasporales
Asterococcus sp. 5680 2480 4080 7520 1040
Gloeocystis sp.
Sphaerocystis schroeteri
iii Order Ulotrichales
Fam. Ulotrichaceae 
Ulothrix sp.
iv Order Chlorococcales 
Botryococcus braunii 
Actidesmium hookerii 
Pediastrum duplex 
P. biradiatum 
P. boryanum
P. integrum var. priva 
P. tetras 
Coelastrum sp.
C. cambricum
C. sphaericum 160
10
4320
102
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Ankistrodesmus falcatus 
Chlorella ellipsoides 
C. vulgaris
Dictyosphaerium pulchellum 
Lagerheimia sp.
Schroederia sp.
Selenastrum sp.
S. westii 
Tetraedron sp.
Treubaria setigerum 
Actinastrum gracilimum 
Crucigenia sp.
C. crucifera 
C. rectangularis 
C. tetrapedia 
Scenedesmus acuminatus 
S. bijuga
S. bijuga var. alternans 
S. dimorphus 
S. obliquus 
S. quadricauda
B) S. PHYLUM Conjugatea (conjugales)
Mougeotia sp.
Gonatozygon sp.
Mesotaenium sp.
Desmid sp.
Closterium sp.
Cosmarium sp.
C. monomazum 
Euastrum sp.
Penium polymorphum 
Pleurotaenium 
Filamentous algae
240
4060
TOTALS 4320
460 2^0 240 240 320
1760 49040 41920 16640 4960 2560 960
SO
60
160
160
160 560 
2240 55040 44640 23440 12600 3600 6160
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TABLE 10A (cont’d)
POPULATION DYNAMICS OF'PHYTOPLANKTON (NO/LITRE) 
June 13, 1966 to June 27, 1969.
PHYLUM CHLOROPHYTA 
A ) CHLOROPHYCEAE
A.19 26 M.l 10
Order Volvocales 
Carteria sp. 
Chlamydomonas sp. 
Eudorina elegans 
Pandorina morum 
Pleodorina sp. 
Haematococcus lacustris
2240 1260 960 640
16
320
60
ii Order Tetrasporales
Asterococcus sp. 6160 19360 10400 14160 4460
Gloeocystis sp.
Sphaerocystis schroeteri
iii Order Ulotrichales
Fam. Ulotrichaceae 
Ulothrix sp.
iv Order Chlorococcales 
Botryococcus braunli 
Actidesmium hookerii 
Pediastrum duplex 
P. biradiatum 
P. boryanum
P. integrum var. priva 
P. tetras 
Coelastrum sp.
C. cambricum 
C. sphaericum
160 240
160 320 400 320
23
9600
104
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Ankistrodesmus falcatus 200
Chlorella ellipsoides 
C. vulgaris
Dictyosphaerium pulchellum 
Lagerheirnia sp.
Schroederia sp.
Selenastrum sp.
S. westii 
Tetraedron sp.
Treubaria setigerum 
Actinastrum gracilimum 
Crucigenia sp.
C. crucifera 
C. rectangularis 
C. tetrapedia 
Scenedesmus acuminatus 
S. bijuga
S. bijuga var. alternans 
S. dimorphus 
S. obliquus
S. quadricauda - ' 160
B) S. PHYLUM Conjugatea (conjugales)
Mougeotia sp.
Gonatozygon sp.
Mesotaenium sp.
Desmid sp.
Closterium sp.
Cosmarium sp.
C. monomazura 
Euastrum sp.
Penium polymorphum 
Pleurotaenium
Filamentous algae 160
TOTALS 11240
SSO 560
640
160
160
320
160
160
160
160
160
1+80
240
160
22880
640
160
240
640
960
640 1920 800 2880
1+80
240
14160 1S320 7760 13440
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TABLE 10A (cont’d) 
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 196$ to June 27, 1969.
PHYLUM CHLOROPHYTA 
A) CHLOROPHYCEAE
i Order Volvocales 
Carteria sp. 
Chlamydomonas sp. 
Eudorina elegans 
Pandorina morum 
Pleodorina sp. 
Haematococcus lacustris
ii Order Tetrasporales 
Asterococcus sp. 
Gloeocystis sp. 
Sphaerocystis schroeteri
iii Order Ulotrichales
Fam. Ulotrichaceae 
Ulothrix sp.
iv Order Chlorococcales 
Botryococcus braunii 
Actidesmium hookerii 
Pediastrum duplex 
P. biradiatum 
P. boryanum 
P. integrum var. priva 
P. tetras 
Coelastrum sp.
C. cambricum 
C. sphaericum
J. 4 14 19 27
8 00 20 160 4160
8960 2560 5760 11520
640
480
320
640
320
320
20
640
320
960
TOTALS
Order of 
abundance
80
5440
9700
2520
40
40
126720
1560
200
1200
3000
120
2360
100
440
80
1280
40
580
2280
8
7
106
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Ankistrodesmus falcatus 320
Chlorella ellipsoides 
C. vulgaris
Dictyosphaerium pulchellum 320
Lagerheimia sp.
Schroederia sp.
Selenastrum sp.
S. westii 
Tetraedron sp.
Treubaria setigerum 
Actinastrum gracilimum 
Crucigenia sp.
C. crucifera 
C. rectangularis 
C. tetrapedia 
Scenedesmus acuminatus 
So bijuga
S. bijuga var. alternans 320
S. dimorphus 640
S. obliquus
S. quadricauda 320
B) S. PHYLUM Conjugatea (conjugales )
3520
320
340
960
16260
Mougeotia sp. 
Gonatozygon sp. 
Mesotaenium sp* 
Desmid sp. 
Closteriurn sp. 
Cosmarium sp.
C. monomazum 
Euastrum sp.
Penium polymorphum 
Pleurotaenium 
Filamentous algae
TOTALS
640 17200 4
I960
12S0 134460 1
160 2240 3160
200
1060
160
160 260
960 1200
260
320 960 1260
160
40
40
320 2$60 4S40
200
2640
320 1260
1920
40
960 1760 11600 5
720 1260 320 11460
240
40
660
1060
160 23640
960
40
360
60
1600 4910
4260 11660 26000
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TABLE 10B
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 1968 to June 27, 1969.
PHYLUM CYANOPHYTA J.13 20 27 Ju.4 11 15 25 A.l 6
A.S. Phylum Myxophvceae
.
i Order Chroococcales
Aphanocapsa delicatissima 40 BO
A. grevillei 120 40 40 BO 40 40 40
Chroococcus sp. 40 40 320 280
Coelosphaerium sp. 160 40
Gloeocapsa rupestris
Merismopedia tenuissima 40 BO 200 80
Synechocystis sp. 40 40
ii Order Oscillatoriales
Lyngbia birgei
Oscillatoria sp. 880 240 360 120 40 160 BO 160
Spirulina sp. 40 80
Nostoc linckia 40 120 40 40 BO 40 BO 400
Plectonema sp.
TOTALS 1040 320 520 360 160 240 280 760 1200
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TABLE 10B (contTd)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 196S to June 27, 1969*
PHYLUM CYANOPHYTA
A. S. Phylum Myxophyceae
i Order Chroococcales 
Aphanocapsa delicatissima 
A. grevillei 
Chroococcus sp. 
Coelosphaerium sp. 
Gloeocapsa rupestris 
Merismopedia tenuissima 
Synechocystis sp.
Order Oscillatoriales 
Lyngbia birgei 
Oscillatoria sp.
Spirulina sp.
Nostoc linckia 
Plectonema sp.
TOTALS
A.16 23 29 S.5 12 19 24 0.3 10
40 40 40 SO SO 160
440 ' 220 SO SO SO SO
1120 1360 5200 2560 4520 7760 5740 : 7000 59960
160 40 SO SO SO 40 ! 200 240
40 160 ,>
320 120 160 120 120 40 240 160
40 SO 40 40 2S0 240 SO SOO
100
220 2S0 120 SO 240 240 120
40
S40 120 360 600 SO 2560 56S0 240 SO
2960 2460 6160 3560 5160 10720 12100 79200 61600
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TABLE 10B (cont fd)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 196B to June 27, 1969.
PHYLUM CYANOPHYTA
A. S. Phylum Myxophyceae
i Order Chroococcales 
Aphanocapsa delicatissima 
A. grevillei 
Chroococcus sp. 
Coelosphaerium sp. 
Gloeocapsa rupestris 
Merisrnopedia tenuissima 
Synechocystis sp.
ii Order Oscillatoriales 
Lyngbia birgei 
Oscillatoria sp.
Spirulina sp.
Nostoc linckia 
Plectonema sp.
0.17 24 31 N.7 14 21 D.5 14
2440
120
40
40
BO
920
BO
240
BO
240 240 560 960
BO BO 160
40 40 40
160
7960
100 
BO 
46 BO
440
BO
400
BO
BO
160 BO 640 
240
21
1600
TOTALS 10760 61B0! I 1000 440 4B0 160 14B0 1160 1600
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TABLE 10B (cont’d)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 196B to June 27, 1969.
PHYLUM CYANOPHYTA Jan.4 11 IB 30 Feb. 6 13 22 M.6 13
A. S . Phylum Myxophyceae
i Order Chroococcales 
Aphanocapsa delicatissima 
A. grevillei
Chroococcus sp. BO
Coelosphaerium sp.
Gloeocapsa rupestris 
Merismopedia tenuissima 
Synechocystis sp.
Order Oscillatoriales 
Lyngbia birgei 
Oscillatoria sp.
Spirulina sp.
Nostoc linckia 
Plectonema sp.
TOTALS 0 0 0 0 40B0 640 BO 240 160
40B0 640 240
160
111
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TABLE 1CB (cont'd)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 196B to June 27, 1969.
PHYLUM CYANOPHYTA M.20
A* S. Phylum Myxophyceae
i Order Chroococcales 
Aphanocapsa delicatissima 
A. grevillei 
Chroococcus sp.
Coelosphaerium sp.
Gloeocapsa rupestris 160
Merismopedia tenuissima 
Synechocystis sp.
Order Oscillatoriales 
Lyngbia birgei
Oscillatoria sp. 160
Spirulina sp.
Nostoc linckia
Plectonema sp. BO
TOTALS 400
27 A.3 10
120 4&0 
160
960
160
19
BO
BO
160
26 M.l 10
160 160 4S0 BOO
440 640 1600 1120
160
160
240
240
320
$60 240
16
320
640
960
1920
112
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TABLE 10B (cont’d)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 1968 to June 27, 1969.
PHYLUM CYANOPHYTA M.23
A. S. Phylum Myxophyceae
i Order Chroococcales 
Aphanocapsa delicatissiraa 
A. grevillei 
Chroococcus sp.
Coelosphaerium sp.
Gloeocapsa rupestris 
Merismopedia tenuissima 
Synechocystis sp.
ii Order Oscillatoriales 
Lyngbia birgei
Oscillatoria sp. 40
Spirulina sp.
Nostoc linckia 
Plectonema sp.
TOTALS 40
J • 4 14
320
160
960
320
19
640
600
240
27
1920
1920
960
1260
640
640
320
1280
TOTALS
3200
5700
107140
2760
840
2800
2080
100
9120
5600
26040
80
Order of 
Abundance
4
1
3
5
2
480 1520 1440 8960
V o
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TABLE IOC
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 196$ to June 27, 1969*
PHYLUM CHRYSOPHYTA J.13 20 27 Ju.4 11
S. Phylum Xanthophyceae 
i Order Heterococcales 
Monallantus brevicylindrus 
Pseudotetraedron sp. 
Ophiocytium sp.
S. Phylum Chrysophyceae 
i Order Chrysomonadales 
Synura uvella 
Dinobryon sertularia 
D. sociale
Uroglena volvox/single cells
colonial
TOTALS 0 0
16 0 
16 0 0 0
S. Phylum Bacillariophyeeae 
(Diatoms)
A. Class Centrales 
Cyclotella sp. 
Stephanodiscus sp.
B. Class Pennales 
Tabellaria sp.
Meridion circulare 
Diatoma sp.
Asterionella sp. 
Fragilaria bicapitata 
F. crotonensis 
Synedra sp.
Eunotia sp.
Achnanthes sp.
Amphipleura sp. 
Brebissonia sp.
Caloneis sp.
Gyrosigma sp.
Navicula sp.
Pinnularia sp.
Stauroneis sp.
Nitzschia sp.
Unknown
TOTALS
960 2S0 640 320 120
160
40
240
200
40
160 160
SO 120
40
40 90
120 40
SO 40
1720 400 1040 400 410
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Ju.15 25 A.l
500760 7120 
0 500760 7120
40
40
40
go
160 400
2g0 430
6 16
400 
1120 #40
1120 1240
120 40
640 360 320
560 120 400
40 240
40
1320 640 1000
23 29 S. 5
240 240
40 200
300
120 7520 4920
420 7300 5360
go
40
100 go go
40
25gO 10440 7400
40
40
600 g40 gOO
40
360 200
3640 114gO g640
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TABLE IOC (cont Td )
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 196S to June 27, 1969.
PHYLUM CHRYSOPHYTA S. 12 19 24 0.3 10
S. Phylum Xanthophyceae 
i Order Heterococcales 
Monallantus brevicylindrus 
Pseudotetraedron sp.
Ophiocytium sp. 40 40
S. Phylum Chrysophyceae 
i Order Chrysomonadales
Synura uvella 160
Dinobryon sertularia
D. sociale 110S0 S400 160 . 40
Uroglena volvox/single cells
colonial
TOTALS 11120 S400 320 40 40
S . Phylum Bacillariophyceae 
(Diatoms)
A. Class Centrales 
Cyclotella sp* 
Stephanodiscus sp.
B. Class Pennales 
Tabellaria sp.
Meridion circulare 
Diatoma sp.
Asterionella sp. 
Fragilaria bicapitata 
F. crotonensis 
Synedra sp*
Eunotia sp.
Achnanthes sp.
Amphipleura sp. 
Brebissonia sp*
Caloneis sp.
Gyrosigma sp.
Navicula sp.
Pinnularia sp.
Stauroneis sp.
Nitzschia sp.
Unknown
SO
SO 40 40 160
120 40 
40 40 40
3640 1240 14S0 960 2640
320
120 2S0 440 240 960
320
SO SO SO
TOTALS 4040 16S0 I960 1440 4440
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
117
0.17 24 31 N.7 14 21
30
D.5 14
160
320
80
160
320 30 320 400
0 0 160 400 430 160 320 400
40 80 240 160
160 80 240 480 400 1600 800 160
80
40 40 160 480 80
2340 2880 2320 2960 2240 9840 16960 39440
80 160 80 80
40 40
400
30 40 80 80 80 80
240 360 240 160 80 320 560 240
80 160 80 80
40
40 160 80
160
3320 3440 2880 3880 3480 12760 18720 40720
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TABLE IOC (cont’d)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 1968 to June 27, 1969.
PHYLUM CHRYSOPHYTA D.21 J.4 11 18
S. Phylum Xanthophyceae 
i Order Heterococcales 
Monallantus brevicylindrus 
Pseudotetraedron sp.
Ophiocytium sp.
S. Phylum Chrysophyceae 
i Order Chrysomonadales 
Synura uvella
Dinobryon sertularia 1040 640 240
D. sociale
Uroglena volvox/single cells 80
colonial
TOTALS
S. Phylum Bacillariophyceae 
(Diatoms)
A. Class Centrales 
Cyclotella sp. 
Stephanodiscus sp.
B. Class Pennales 
Tabellaria sp.
Meridion circulare 
Diatoma sp.
Asterionella sp. 
Fragilaria bicapitata 
F. crotonensis 
Synedra sp.
Eunotia sp.
Achnanthes sp.
Amphipleura sp. 
Brebissonia sp.
Caloneis sp.
Gyrosigma sp.
Navicula sp.
Pinnularia sp.
Stauroneis sp.
Nitzschia sp.
Unknown
TOTALS
1120 640 240 0 
80
24600 240 160 
640 
80
27200 240 160 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
119
Feb.6 13 22 M.6 13 20 27 A.3
660 60 3920 30640 61440
60
35640 4640
60 640 160 600
960 60 0 3920 30640 62060 36030 5440
160
460 240 2240 460 160 
30
60 360 5560 2960 15040 11360 4160
320
400 160 
560 160 
320 160 
60 240 160 
160 240
SO 0 360 6200 3360 19360 12160 4600
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TABLE 10C (cont ’ d )
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 1968 to June 27, 1969.
PHYLUM CHRYSOPHYTA A.10 19 26 M.l 10
S. Phylum Xanthophyceae
i Order Heterococcales
Monallantus brevicylindrus
Pseudotetraedron sp. 320
Ophiocytium sp. 160
S. Phylum Chrvsophyceae
i Order Chrysomonadales
Synura uvella
Dinobryon sertularia 800 1600 12480 152160 392400
D. sociale
Uroglena volvox/single cells 720 640 480 4640 8240
colonial 10 280 240. 740
TOTALS • 1$20 2250 13240 157040 401700
S. Phylum Bacillariophvceae
(Diatoms)
A. Class Centrales
Cyclotella sp.
Stephanodiscus sp.
B. Class Pennales
Tabellaria sp. 800 1360 1120 640 1600
Meridion circulare 320
Diatoma sp.
Asterionella sp. 240 160 320 1040
Fragilaria bicapitata
F. crotonensis
Synedra sp. 15040 12040 9760 6640 7600
Eunotia sp. 480 640 320 800
Achnanthes sp.
Amphipleura sp. 240
Brebissonia sp. 960 640 400
Caloneis sp.
Gyrosigma sp. 100 320
Navicula sp. 480 1280 800 2080
Pinnularia sp. 560 80 400
Stauroneis sp. 200 240 40 800 240
Nitzschia sp. 160 640 320
Unknown
TOTALS 17400 17420 12120 10720 14240
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M.16 23 J.4 14 19 27
Order of 
TOTALS Abundanc
320
SO
320
1040
65920 81600 2240
320
2560
320
301440
2000
1684060 
^  0 0  1 r \ 1
49920
960
116800
48000
129600
7S720
1120
79840
59520
1600
63360
47360
1600
52160
62400 
20 SO
366240
32240 
362560 ) 
8630 )
3
2
160
480 8640 2560 2400 14080 4
1920 3840 3200 640 1280 2240 22360 2
320
420
160 480 10200 5
200
800 800 640 3120 9
11840 1280 2400 1760 3840 10560 259060 1
320 3320 8
640 720
240
320 80 3760 7
320 320 640
160 1860
1200 1920 640 400 1920 19450 3
320 2680
320 640 3000 10
320 960 320 5200 6
320
16560 16640 9120 4640 9280 16640
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TABLE 10D
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 196S to June 27, 1969.
PHYLUM EUGLENOPHYTA 
Order Euglenales 
Euglena acus 
E. ehrenbergii 
E. elastica 
E. pisciformis 
E. spirogyra 
Euglena sp.
Phacus longicauda 
P. triqueter 
Phacus sp.
Trachelomonas armata 
TOTALS
J.13
360
22640
40
23040
20 27 Ju.4
62S0 40
SO 40
120 19000 4S0
SO
SO 40
440
120 25960 600
11 15 25 A . l
SO SO
SO SO
90
SO
40
SO
290
40 40
40
40 SO
PHYLUM EUGLENOPHYTA 
Order Euglenales 
Euglena acus 
E. ehrenbergii 
E. elastica 
E. pisciformis 
E. spirogyra 
Euglena sp.
Phacus longicauda 
Ph. triqueter 
Phacus sp.
Trachelomonas armata 
TOTALS
A.16 23 29
40 40
160
40 2SO 200
160 SO 40
40 40
140 SO
240 540 560
s . 5 12 19
SO
240 40 40
160 240 240
2S0 SO 520
SO 240
40 SO
120 40 40
720 640 9S0
24 0.3 10
SO 160 40
4 SO 40
4S0 160
320 2440 200
200 4 SO 560
SO 960
120 4S0
12S0 5160 S40 122
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TABLE 10D (cont’d)
June 13 , 196S to June 27, 1969.
3YLUM EUGLENOPHYTA 0.17 24 31 N.7 14 21 D. $ 14 21
Order Euglenales
Euglena acus 4S0 120 40 160
E. ehrenbergii SO 200
E. elastica 240 160 160 SO 160 160
E. pisciformis 240 640 160 160
E. spirogyra $60 SSO SSO 4S0 SO
Euglena sp. 40 160
Phacus longicauda 40
Ph. triqueter SO 2S0
Phacus sp. SO $20 SO 120 SO
Trachelomonas armata 320 1360 1400 20S0 SOO 320 4 SO
TOTALS 12S0 2SS0 1640 2320 1$60 2640 960 320 760
PHYLUM EUGLENOPHYTA 
Order Euglenales 
Euglena acus 
E. ehrenbergii 
E. elastica 
E. pisciformis 
E. spirogyra 
Euglena sp.
Phacus longicauda 
Ph. triqueter 
Phacus sp.
Trachelomonas armata 
TOTALS
Ja.4 11
240
IS 30 F.6
SO
13 22
SO
M.6 13
SO
SO
o 400 0 0
SO
240
400 0 SO 0 h->ro
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TABLE 10D (cont’d)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June 13, 1966 to June 27, 1969.
PHYLUM EUGLENOPHYTA 
Order Euglenales 
Euglena acus 
E. ehrenbergii 
E. elastica 
E, pisciformis 
E. spirogyra 
Euglena sp.
Phacus longicauda 
Ph. triqueter 
Phacus sp.
Trachelomonas armata 
TOTALS
M.20 27 A.3 10 19 26 M.l 10 16
240 4S0 3360 640 320 3920 160
460 200
160 320 £00 2720 7920
160 160 320 £00 460
£0 550 200 £00 4260 7040
160 320 160 4S0 160
4S0 12S0 1200
160 £00 560
160 400 320
720 160 320 1040 4&70 3720 52SO 19400 7720
Order of
M.23 J.4 14 19 27 TOTALS Abundance
SO 1600 20 19060 3
460 60 £0 2300
1920 15920 4
16400 960 4S0 1600 26660 2
160 9600 5120 200 340 76220 1
3120
160
960 320 4600
3660
2660 1920 320 640 14160 5
3120 32960 £060 1020 3040
PHYLUM EUGLENOPHYTA 
Order Euglenales 
Euglena acus 
E. ehrenbergii 
E. elastica 
E. pisciformis 
E. spirogyra 
Euglena sp.
Phacus longicauda 
Ph. triqueter 
Phacus sp.
Trachelomonas armata 
TOTALS
r o
■P-
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TABLE 10E
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 196$ to June 2?, 1969=
PHYLUM PYRRHOPHYTA J.13 20 27 Ju.4 11 15 25 A.l 6
Order Dinokontae 
Dinoflagellate cysts 
Glenodinium quadridens 
Peridinium gatunense 
Ceratium hirundinella
360 60
160
120
1600
40
660
40
60
40
3660
640
960
TOTALS(cysts not included) 0 0 0 0 360 60 1760 160 1600
Unknown
TOTAL PHYTOPLANKTON 27660 1460 28600 1640 . 1610 1240 505370 11660 6260
PHYLUM PYRRHOPHYTA
A.16 23 29 S.5 12 19 24 0.3 10
Order Dinokontae 
Dinoflagellate cysts 
Glenodinium quadridens 
Peridinium gatunense 
Ceratium hirundinella
2200
120
120
120
1660
240
200
920
320
760
3460
960
520
1320
520
200
6920
560
360
20040
1120
17600 19520
60
9060
TOTALS(cysts not included)
360 440 4560 1640 7120 20400 17600 19520 9160
Unknown 40 40 120 60
TOTAL PHYTOPLANKTON 11160 21900 39340 23960 30640 45420 36140 106960 79960
125
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TABLE 10E (cont’d) 
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE)
June
PHYLUM PYRRHOPHYTA 0.17
Order Dinokontae 
Dinoflagellate cysts 
Glenodinium quadridens 
Peridinium gatunense 
Ceratium hirundinella 9080
TOTALS(cysts not included) 9080
Unknown
TOTAL PHYTOPLANKTON 26080
Ja.4
PHYLUM PYRRHOPHYTA
Order Dinokontae 
Dinoflagellate cysts 
Glenodinium quadridens 
Peridinium gatunense 26960
Ceratium hirundinella
TOTALS(cysts not included) 26960
Unknown SO
TOTAL PHYTOPLANKTON 28480
13, 1968 to June 27, 1969.
24 31 N.7 14
200 240 1520 1600
4040 2360 1440 720
4240 2600 2960 2320
40 80 80
17820 8760 11280 9760
11 18 30 F.6
560 1280 6080 5760
27920 4720 $600 27440
27920 4720 $600 27440
29120 4720 6240 41600
21 D.5 14 21
1680 3760 2160 13680
80
1760 3760 2160 13680
80 80 80 
19960 27320 46200 46920
13 22 M.6 13
1280 3360 3340 14010
6640 31760 69120 61040
6640 31760 69120 61040
80
11680 34520 134520 139920 126
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TABLE 10E (cont’d)
POPULATION DYNAMICS OF PHYTOPLANKTON (NO/LITRE) 
June 13, 196S to June 27, 1969.
PHYLUM PYRRHOPHYTA M. 20 27 A.3 10 19 26 M.l 10 16
Order Dinokontae 
Dinoflagellate cysts 
Glenodinium quadridens 
Peridinium gatunense 
Ceratium hirundinella
£6960 64000 5£££0 52£00 96320 £0640 70400
160
16S000
30
23040
40
TOTALS(cysts not included) £6960 64000 5£££0 52£00 96320 £0640 70560 16S030 230SO
Unknown 160 160 160 160 320 £00 320
TOTAL PHYTOPLANKTON 213120 125640 73 £40 £06£0 1333£0 1330£0 25£320 622730 174160
PHYLUM PYRRHOPHYTA
M.23 J.4 14 19 27 TOTALS
Order of 
Abundance
Order Dinokontae 
Dinoflagellate cysts 
Glenodinium quadridens 
Peridinium gatunense 
Ceratium hirundinella
4£00
320
19£40
6400
23040
4160
17920
640
72960
960
4S550
135240
997000
10S990
2
1
3
TOTALS(cysts not included) 5120 26240 27200 l£560 73920
Unknown
TOTAL PHYTOPLANKTON 167960 166900 109040 94320 496£00
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TABLE 11
SEASONAL FLUCTUATIONS OF ABUNDANCE OF 
SPECIES AND GENERA 
June 13, 1968 to June 27, 1969
J.13 20 27 J.4 11 15 25 A.l 6 16 23 29 S.5
Chlorophyta 10 8 7 6 6 6 8 8 17 12 20 19 19
Cyanophyta 3 3 3 6 4 2 5 4 9 7 10 7 7
Chrysophyta 1 1 1 1 2 2 3 3
Bacillariophyceae 7 3 4 3 4 3 3 4 4 4 4 5 8
Euglenophyta 3 1 6 4 1 1 4 1 2 3 4 6 6
Pyrrhophyta 1 1 3 3 2 3 2 3 2
Sub - Totals 23 15 21 19 16 13 24 21 35 31 42 43 45
Rotifera 5 4 6 5 4 6 4 3 6 7 7 5 6
Crustacea 1 1 1 • 1 1 1 1 1 1 2 1 1
Protozoa 5 2 4 1 1 2 2 2 2 1 1 1 3
Nematoda
Gastrotricha 1 1 1
Tardigrada 1
Sub - Totals 11 7 12 6 6 9 5 6 10 9 10 8 11
TOTALS 34 22 33 25 22 22 29 27 45 40 52 51 56
$Z
T
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TABLE 11 (cont'd)
SEASONAL FLUCTUATIONS OF ABUNDANCE OF 
SPECIES AND GENERA
June 13, 1968 to June> 27, 1969
S.12 19 24 0.3 10 17 24 31 N.7 14 21 D.5
Chlorophyta 15 13 10 12 9 7 13 5 7 8 9 7
Cyanophyta 6 6 6 7 8 6 7 4 4 3 2 4
Chrysophyta 2 1 2 1 1 1 2 2 2 1
Bac illariophyceae 5 5 3 5 7 4 6 5 7 10 9 6
Euglenophyta 6 6 6 7 4 7 6 6 6 3 5 2
Pyrrhophyta 2 2 1 1 2 1 2 2 2 2 2 1
Sub - Totals 35 33 28 33 31 25 34 23 28 28 29 21
Rotifera 7 4 5 6 4 6 3 5 6 3 3 4
Crustacea 1 2 2 1 1 1 1 2 1 1 1
Protozoa 2 2 2 2 1 1 1 • 1 2 1 2 2
Nematoda 1
Gastrotricha .. 1
Tardigrada
Sub - Totals 10 8 9 10 6 8 5 8 9 6 6 6
TOTALS 45 41 37 43 37 33 39 31 37 34 35 27
14
8
3
1
9
1
1
23
3
2
5
28 129
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TABLE 11 (cont’d)
SEASONAL FLUCTUATIONS OF ABUNDANCE OF 
SPECIES AND GENERA 
June 13, 1968 to June 27, 1969
D.21 J. 4 11 18 30 F.6 13 22 M.6 13 20 27 Ao3
Chlorophyta 5 2 1 3 5 2 2 4 3 7 3 5
Cyanophyta 1 1 1 1 1 1 3 3 2
Chrysophyta 2 1 1 2 1 1 1 2 3 2
Bacillariophyceae - 4 1 1 1 1 4 3 8 4 5
Euglenophyta 2 3 3 1 . 4 1 1
Pyrrhophyta 1 1 1 1 1 1 1 1 1 1 1 1 1
Sub - Totals 15 5 7 1 4 13 5 6 11 9 25 15 16
Rotifera 2 3 2 1 2 3 3 1 4 2 4 5 5
Crustacea 1
Protozoa 1 2 4 1 5 2 3 3 3 6 7 4 4
Nematoda
Gastrotricha 1 1 1 1
Tardigrada
Sub - Totals 3 5 6 2 7 6 6 4 7 9 13 10 9
TOTALS 18 10 13 3 11 19 11 10 18 18 38 25 25 130
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TABLE 11 (cont’d) 
-SEASONAL FLUCTUATIONS OF ABUNDANCE OF 
SPECIES AND GENERA
June 13, 1968 to June 27, 1969
A.10 19 26 M.l 10 16 23 J.4 14 19 27
Chlorophyta 5 7 12 8 8 8 5 12 7 15 9
Cyanophyta 3 4 1 2 1 3 1 2 3 2 8
Chrysophyta 2 2 2 3 3 2 2 1 2 4 3
Bacillariophyceae 7 9 6 8 9 8 5 6 7 7- 6
Euglenophyta 4 5 6 5 9 4 4 5 4 4 5
Pyrrhophyta 1 1 1 2 2 2 2 1 1 1 1
Sub - Totals 22 28 28 28 32 27 19 27 24 33 32
Rotifera 4 6 5 7 13 4 3 6 7 5 6
Crustacea 1 1 1 1 1
Protozoa 6 6 5 4 4 2 2 2 1 1 1
Nematoda
Gastrotricha
Tardigrada
Sub - Totals 10 12 10 11 18 7 5 9 9 6 8
TOTALS 32 40 38 39 50 34 24 36 33 39 40
131
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J .13 20 27 Ju»4 11
5760 840 640 160 720
480 440 120 240 880
240 80 320 280 600
40
120 40 80
40
160 40 440
40
TABLE 12A
POPULATION DYNAMICS OF THE ROTIFERA (NO'/LITRE)
June 13, 1968 to June 27, 1969.
Keratella cochlearis 
Polyarthra sp.
Trichocerca similis 
Chromogaster ovalis 
Synchaeta stylata 
K. quadrata 
Anuraeopsis fissa 
Monostyla lunaris 
T. multicrinis 
T. longiseta 
T. capucina 
Monommata grandis 
Colurella obtusa 
Monostyla closterocerca 
S. pectinata 
Trichotria tetractia 
Cephalodella auriculata 
Lepadella ovalis 
Lecane elasma 
Brachionus angularis 
Lepadella patella 
Asplanchna priodonta 
Monostyla sp.
Lecane ohioensis 
S. oblonga
Platyas quadricornis 
B. calyciflorus 
Philodina sp.
Notholca sp.
Filinia terminalis 
Colurella adriatica 
Cephalodella gibba 
Filinia longiseta 
Ptygura sp.
Monommata longiseta
Unknown Rotifera 80
TOTALS 6560 1480 1320 800 2720
Eggs 80 520 840
Resting Eggs
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Ju.15 25 A.l 6 16 23 29 S.5
1040 920 1240 960 30 40 400 340
1230
120
1120 1230 10320 5720 4040 1000 1300
40
30 1340 7000 240
«
400 30 4000 5600
40
40 40
10
120
10 40
40
40 40
40 120 960 40
40
30 40
40
160 40 
2600 4030 9520 11730 6330 4400 6440 3360
200 360 640 400 300 40 300 330
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TABLE 12A (cont’d)
POPULATION DYNAMICS OF THE ROTIFERA (NO/LITRE)
June 13, 1966 to June 27, 1969.
S.12 19 24 0.3
Keratella cochlearis 460 400 260 1040
Polyarthra sp. 2240 3160 5560 4040
Trichocerca similis
Chromogaster ovalis
Synchaeta stylata
K. quadrata
Anuraeopsis fissa 2200 440 440 4320
Monostyla lunaris 
T. multicrinis 
T. longiseta
T. capucina 40
Monommata grandis
Colurella obtusa 40 BO
Monostyla closterocerca
S. pectinata BO BO
Trichotria tetractis
Cephalodella auriculata 40 40
Lepadella ovalis
Lecane elasma 40
Brachionus angularis 40
Lepadella patella BO
Asplanchna priodonta 
Monostyla sp.
Lecane ohioensis 
S. oblonga
Platyas quadricornis 
B. calyciflorus 
Philodina sp.
Notholca sp.
Filinia terminalis 
Colurella adriatica 
Cephalodella gibba 
Filinia longiseta 
Ptygura sp.
Monommata longiseta 
Unknown Rotifera
TOTALS
Eggs
Resting Eggs
40 40 BO
5160 40B0 64B0 9600
6B0 B40 1720 2460
120 30 720
10
1400
1760
2460
BO
5720
1360
240
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0.17 24 31 N.7
1320
2640
720
2320
logo
5040
1360
1600
1240 160
40
40
40
go
40
40
gO go
40
go
5360 3200 62gO 3200
2640 1240 gOO ggO
160
14 21 D.5 14
20g0 1120 ggo 320
3gO 400 go 160
160 gO gO 160
go
go
2700 1600 1120 640
400 240
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TABLE 12A (cont'd)
POPULATION DYNAMICS OF THE ROTIFERA (NO/LITRE)
June 13, 1966 to June 27, 1969.
D.21 Jan.4 11 16 30
Keratella cochlearis 960 960 240
Polyarthra sp. 60
Trichocerca similis
Chromogaster ovalis
Synchaeta stylata
K. quadrata
Anuraeopsis fissa
Monostyla lunaris
T. multicrinis
T. longiseta
T. capucina
Monommata grandis
Colurella obtusa
Monostyla closterocerca
S. pectinata 640 720 2960 560 660
Trichotria tetractis
Cephalodella auriculata
Lepadella ovalis
Lecane elasma
Brachionus angularis
Lepadella patella
Asplanchna priodonta
Monostyla sp.
Lecane ohioensis
S. oblonga 460
Platyas quadricornis 
B. calyciflorus 
Philodina sp.
Notholca sp.
Filinia terminalis 
Colurella adriatica 
Cephalodella gibba 
Filinia longiseta 
Ptygura sp.
Monommata longiseta 
Unknown Rotifera
TOTALS 1600 2160 3200 56O 960
Eggs 320 60 60
Resting eggs
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go
137
F.6
BO
240
13 22 M.6 13 20 27 Ap.3
go go 400 400 320
gO 160 720 720 12gO
160
go
go 240 160
12g0 40 gO 160 460 160
160
20
160
1600
320
200
go
go
160
kBO
240
40
600
400
I6g0
goo
1520 
12 gO
17B0
1920
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TABLE 12A (cont’d)
POPULATION DYNAMICS OF THE ROTIFERA (NO/LITRE) 
June 13, 1968 to June 27, 1969*
Up. 10 19 26 Mol 10
Keratella cochlearis 
Polyarthra sp» 4160
10
1480
960
1120
7640
720
10400
250
Trichocerca similis 
Chromogaster ovalis 
Synchaeta Stylata 
K. quadrata 
Anuraeopsis fissa 
Monostyla lunaris 
T. multicrinis 
T. longiseta 
T. capucina 
Monommata grandis 
Colurella obtusa 
Monostyla closterocerca 
S. pectinata 
Trichotria tetractis 
Cephalodella auriculata 
Lepadella ovalis
T ------________ ____u c C a i ic  t2J.aomcL
Brachionus angularis 
Lepadella patella 
Asplanchna priodonta 
Monostyla sp.
Lecane ohioensis 
S. oblonga
Platyas quadricornis 
B. calyciflorus 
Philodina sp.
Notholca sp.
Filinia terminalis 
Colurella adriatica 
Cephalodella gibba 
Filinia longiseta 
Ptygura sp.
Monommata longiseta 
Unknown Rotifera
TOTALS
Eggs
Resting Eggs
P  *> Pelagic 
L s Littoral 
M = Marginal
40
60
80
160
250
160
160
60
20
160
160
40
80
10
210
160
180
1250
250
500
40
10
30
480
80
250
4610
1280
1890
320
40
2480
480
9200 13680 
960 1680
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16
3520
60
160
320
320 
43 SO 
1260
Order of
23 
320
J.4 14 19 27
2240 2240 160 6060
1920 1620 460
320 20
320 40 640
20
460 320 640
320
20 20
60
20 20
160
320
40
640
960
600 4640 3220 2160 9440
320 960 320
63410 2
73190 1
I960 5
40
1320 7
120
32720 3
120
60
10
160
50
200
60
9970 4
660
200
120
40
1670 6
120
40
60
60
360
160
1300 6
160
160
290
460
60
250
160
320
9600
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TABLE 12B
POPULATION DYNAMICS OF THE MISCELLANEOUS 
ZOOPLANKTON (NO/LITRE)
June 13, 1968 to June 27, 1969.
PHYLUM PROTOZOA
(non-photosynthesizing)
S. Class Rhizopoda 
Euglypha sp. 
Hyelosphenia sp.
S. Class Actinopoda 
Actinosphaerium sp.
S. Class Ciliophora 
Askenasia sp.
Bodo sp.
Codonella cratera 
Coleps bicuspis 
Didinium nasutum 
Paramecium sp. 
Urocentrum turbo 
Urotricha sp. 
Strombidium sp. 
Vorticella campanula 
Unknown
Zooflagellates 
Physomonas sp.
TOTALS
PHYLUM NEMATA
J.13 21 27 Ju.4 11
BO
80 80
40
560 400 3200
800 200
40
80
80
40
1080 280 720 400 3200
Unknown nematode
Class Gastrotricha 
Chaetonotus similis
PHYLUM TARDIGRADA
Hypsibius myrops
PHYLUM ARTHROPODA
Class Crustacea 
Order Calanoida 
Diaptomus sp.
S. Order cyclopoida 
Nauplii
S. Class Branchiopoda 
Order Cladocera 
Bosmina sp.
TOTALS
40
240
1000
80
1240 80
40
240
80
360
120
40
160
220
280
$00
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Ju.15 25 A.l 6 16 23 29
40
2160 2000 6S0 40 40 SO 760
120 40
SO
2240 2120 720 SO 40 SO 760
120 40
30
60 210 60 70 20 120 ISO
240 760 320 200 120 40 360
300 970 3S0 270 140 190 540
S.5
40
SO
SO
200
40
20
200
220
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
142
TABLE 12B (cont’d) 
POPULATION DYNAMICS OF THE MISCELLANEOUS 
ZOOPLANKTON (NO/LITRE)
June 13, 196B to June 27, 1969.
PHYLUM PROTOZOA
(non-photosynthesizing)
S. Class Rhizopoda 
Euglypha sp. 
Hyelosphenia sp.
S. Class Actinopoda 
Actinosphaerium sp.
S. Class Ciliophora 
Askenasia sp.
Bodo sp.
Codonella cratera 
Coleps bicuspis 
Didinium nasutum 
Paramecium sp.
Urocentrum turbo 
Urotricha sp. 
Strombidium sp. 
Vorticella campanula 
Unknown
Zooflagellates 
Physomonas sp.
TOTALS
PHYLUM NEMATA
Unknown nematode
Class Gastrotricha 
Chaetonotus similis
PHYLUM TARDIGRADA
Hypsibius myrops
PHYLUM ARTHROPODA
S.12 19 24 0;3 10
440 1160
BO
BO 1360 320
BO BO BO
520 1240 160 1440 320
10
Class Crustacea 
Order Calanoida 
Diaptomus sp.
S. Order cyclopoida 
Nauplii
S. Class Branchiopoda 
Order Cladocera 
Bosmina sp.
70
400
20
250
4B0
10
40
200
140
360
30
90
TOTALS 470 750 250 500 120
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0.17
40
40
50
20
70
24 31 N.7 14 21 D.5 14
1060 1560 920 1120 640 ggO gO
160 640 
40 320
10g0 1560 960 1120 gOO 1200 720
go
60
60
go
90
60
30
10
30 20
120 230 40 30 20 0 0
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TABLE 12B (cont’d)
POPULATION DYNAMICS OF THE MISCELLANEOUS 
ZOOPLANKTON (NO/LITRE)
June 13, 196B to June 27, 1969.
PHYLUM PROTOZOA D.21 Jan.4 11 IS 30
(non-photosynthesizing)
S. Class Rhizopoda 
Euglypha sp.
Hyelosphenia sp.
S. Class Actinopoda 
Actinosphaerium sp.
S. Class Ciliophora 
Askenasia sp.
Bodo sp.
Codonella cratera 
Coleps bicuspis 
Didinium nasutum 
Paramecium sp.
Urocentrum turbo 
Urotricha sp.
Strombidium sp.
Vorticella campanula 
Unknown
* 7 q  c r o l  1 a + " o e
Physomonas sp.
TOTALS
PHYLUM NEMATA
Unknown nematode
Class Gastrotricha 
Chaetonotus similis
PHYLUM TARDIGRADA
Hypsibius myrops
PHYLUM ARTHR0P0DA
Class Crustacea 
Order Calanoida 
Diaptomus sp.
S. Order cyclopoida 
Nauplii
S. Class Branchiopoda 
Order Cladocera 
Bosmina sp.
TOTALS 0 0 0 0 0
160
BO
240
160
320 3040 4160 
320 BO
240
400 B76O 
160
320 3360 4640 400 9400
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F.6 13 22 M.6 13 20 27 A.3
160
160
160
go
go 640
40 40
160 160
go 400 4gO
16gO 720 160
4400 2400 1040 4gO 1920 1040 320 160
go go go 360 $60 160 640 320
44 go 2$20 12g0 920 4240 2760 1200 12g0
SO go 320 160
10
0 0 0  0 0  10 0 0
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TABLE 12B (cont’d) 
POPULATION DYNAMICS OF THE MISCELLANEOUS 
ZOOPLANKTON (NO/LITRE)
June 13, 196$ to June 27, 1969.
PHYLUM PROTOZOA
(non-photosynthesizing)
S. Class Rhizopoda 
Euglypha sp. 
Hyelosphenia sp.
S. Class Actinopoda 
Actinosphaerium sp.
S. Class Ciliophora 
Askenasia sp.
Bodo sp.
.Codonella cratera 
Coleps bicuspis 
Didinium nasutum 
Paramecium sp. 
Urocentrum turbo 
Urotricha sp. 
Strombidium sp. 
Vorticella campanula 
Unknown
Zooflagellates 
Physomonas sp.
TOTALS
PHYLUM NEMATA
Unknown nematode
Class Gastrotricha 
Chaetonotus similis
PHYLUM TARDIGRADA
Hypsibius myrops
PHYLUM ARTHROPODA
Class Crustacea 
Order Calanoida 
Diaptomus sp.
S. Order Cyclopoida 
Nauplii
S. Class Branchiopoda 
Order Cladocera 
Bosmina sp.
A. 10 19 26 M.l 10
160
160
160
320
40
640
80
640
160
160
160
460
160
160
160
120
320
480
80
2560
160
240
1460 1680 920 3280
2080
80
480
2880
10
70
10
TOTALS 0 0 0 10 80
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Order of
M.16 23 J.4 14 19 27 TOTALS Abundance
1280
1600
2940
80
80
40
40
80
160 
6 00
960 2880 3520 3200 640 31520
2000
1200
640
320
2280
960 3840
35600
320 5640
2080
1920 3200 3520 3200 640
10
920
40
220
220
200
200
0 440 400
40
40
140 
27 50 
6040
120
40 40
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Standing Crop
Chlorophyll Mg/M^ 
Chlorophyll Mg/M' 
Chlorophyll Mg/M-* 
Total Carotenoids
Mg/M3
Primary Production
Gross Primary Prod.
(MgC/M^) 
Community Respiration 
(MgC/M3) 
Net Community Prod.
(MgC/M3)
Standing Crop
Chi. a Mg/M3
Chi. b Mg/M'
Chi. c Mg/M3
Total Carotenoids 
Mg/M3
Primary Production
STANDING C 
June 13,
J.13
5.96 
4.00 
2.$4 
2.44
1020 
199 
$22 
S. 24
7.6$
5.64
2.6$
1.60
G.P.P. (MgC/M3)
C. R. (MgC/M3)
N.C.P. (MgC/M3)
$91
544
347
TABLE 13 
.OP AND PRIMARY PRODUCTION 
196$ to June 27, 1969.
20 27 Ju.4 n li 2i A.l
2.12 $.56 3.32 4 .0 0 3 .12 12.2$ 15.36
lo0$ 7.60 2.4 $ 2.2$ 2 .24 $.56 10.72
.6$ 5.20 1.76 1 .00 2.12 4.$0 6.96
1.0$ 4.92 2.24 2.$0 2.0$ 6.44 7.36
417 657 1210 499 497 1531 1002
163 33^ 751 300 263 732 413
254 319 459 199 234 $00 5S9
01 10 12 24: _21 N.7 lZt
7.76 4.0$ 5.2 $ 6.00 3.20 3.76 1.6$
6.16 2.$4 l.$4 4.52 3.0$ 3.52 1.24
.0$ .52 3.0$ 4.4$ 3.04 3.0$ -.52
2.00 .60 2.32 .36 1.44 1.4 $ .76
1220 594 7$2 7$$ 32$ 563 1$$
263 150 300 225 319 526 150
957 444 4$2 463 9 3$ 3$
■p-
oa
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TABLE 13 (cont'd) 
STANDING CROP AND PRIMARY PRODUCTION 
June 13, 1968 to June 27, 1969.
Standing Crop A.6 16 21 22 S ^ 12 12
Chlorophyll Mg/M3 
Chlorophyll Mg/M3 
Chlorophyll Mg/M3 
Total Carotenoids 
Mg/M3
8.52 
5.80
3.52 
4.96
7.36
7.24
2.24 
2.00
8.52
6.24
2.80
4.96
9.04
6.88
6 .64
2.36
8.76
6.52
2.80
2.16
15.28
11.56
6.40
4.60
Primary Production
Gross Primary Prod.
(MgC/M3) 
Community Respiration 
(MgC/M3) 
Net Community Prod.
(MgC/M3)
781 1764 938 1204 1939
338
443
788
976
507 . 
432
394
810
901
1038
Standing Crop N.21 14 21 J. 4 11 12
Chi. a Mg/M3 
Chi. b Mg/M3 
Chi. c Mg/M3 
Total Carotenoids 
Mg/M3
1.92 
1.40 
-. 44 
.56
4 .64
3.40
4.00
1.56
3.64
2.92
1.68
1.76
13.92
8.76
3.00
9.28
13.68
8.68
3.04
8.04
11.92
7.64
3.52
.48
1 .64  
1.08 
1 .48  
.28
Primary Production
G.P.O. (MgC/M3) 
C. R. (MgC/M3) 
N.C.P. (MgC/M?)
282
375
94
469
75
394
469
375
94
687
263
424
405
413
8
297
206
90
9
64
73
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APPENDIX IV. EFFECT OF WIND ON HORIZONTAL
DISTRIBUTION OF PHYTO- AND 
ZOOPLANKTON, Play 23, 1969.
l$2a
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Rotifera 
No/litre
Crustacea
Selected Chlorophyta
Dinoflagellata
Euglenoids
TABLE 14
EFFECT OF WIND ON DISTRIBUTION OF ORGANISMS,
MAY 23, 1969.
Keratella cochlearis 
Polyarthra vulgaris 
Synchaeta pectinata 
Brachionus angularis 
K. quadrata 
B. calyciflorus 
Filinia terminalis 
Colurella sp. 
Monommata longiseta 
S. oblonga
TOTALS.
jNauplii 
\Cyclopoid 
Codonella cratera 
Coelastrum sp. 
Crucigenia sp. 
Pediastrum sp. 
.Scenedesmus sp. 
Uroglena volvox (s)
(colonial) 
Dinobryon sp.
Diatoms
Ceratium hirundinella 
Peridinium gatunense 
TOTALS
Euglena acus 
E. elastica 
E. pisciforrais 
E. spirogyra 
Phacus sp.
TOTALS
Station
3240
1920
640
3240
640
40
320
11240
Station II 
3240 
320 
640 
160 
160
320
4240
Station III Station IV
1920 
3240
320
960
960
320
2560
120
120
320
6320
20
2560 3240 960 1920
1920 2220 3240 10220
97220 96000 42000 211200
3240 9600
119620 111360 21600 167040
9600 12240 16960 10220
220 1220 320 » •
7040 4200 9600
7320 1220 5120 9600
320 20 960
1920 1920 11520
3240 3240 3240
3200 640 160 7620
960
7040 6720 3120 24000
152
APPENDIX V. PHOTOMETER READINGS AND BIOLOGICAL 
FACTORS, 24-HOUR INVESTIGATION 
MAY 2S-29, 1969.
153a
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TABLE 16A
SELECTED CHLOROPHYTA/LITRE, EFFECT OF LIGHT INTENSITY ON 
VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 2 6 - 2 9 ,  1969.
STATION I SURFACE
I
2:30 -  
3 :30PM.
6400
II
5**30 - 
6:30PM.
2500
III IV V
9:30 - 1:30 - 5:30 -
10:30PM. 2:30AM. 6:30AM.
4900 9600 1600
VI VII
9:30 - 1:30 -
10:30AM. 2:30PM.
4600 6400
STATION II SURFACE See Station I
1 M
Selected Chlorophyta 7200 12000 24000 24000 7200 4600
2 - 2h M
Selected Chlorophyta 4600 2400 2400 2400 2400 2400
Bottom ( 3 - 3h M ) 
Selected Chlorophyta 2400 2400 2400 2400 2400
TOTALS
36200
36000
16600
12000
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STATION I SURFACE 
I)inobryon sp.
STATION II SURFACE
TABLE 16B
DINOBRYON SP./LITRE, EFFECT OF LIGHT INTENSITY 
ON VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 23 - 29, 1969.
I II III IV V VI VII
2:30 - 5:30 - 9:30 - 1:30 - 5 .*30 - 9:30 - 1:30 - TOTALS
3:30PM. 6:30PM. 10:30PM. 2:30AM. 6:30AM. 10:30AM. 2:30PM.
3200 9600 
See Station I
14400 4300 4300 900 37700
1 M
Dinobryon sp. 4300 7200 4300 2400 2400 21600
2 - 2h M 
Dinobryon sp. 60000 72000 7200 26400 9600 45600 219000
Bottom ( 2h M ) 
Dinobryon sp. 9600 33600 24000 14400 3200 34300
i—1 
vn 
vn
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TABLE 160
UROGLENA VOLVOX/LITRE, EFFECT OF LIGHT INTENSITY 
ON VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 26 - 29, 1969.
I II III IV V VI VII
2:30 - 5:30 - 9:30 - 1:30 - 5:30 - 9:30 - }:30 - TOTALS
3:30PM. 6:30PM. 10:30PM. 2:30AM. 6:30AM. 10:30AM. 2:30PM.
STATION I SURFACE 
Uroglena volvox (S) 
(Colonial)
151200
6400
274400
4600
247200
9600
26600
4600
17600
1600
17600
1600
41600
3200
776400
32000
STATION II SURFACE 
Uroglena volvox (S) 
(Colonial)
307200 432000
14400
206400
7200
19200 14400 31200 72000 1062400
21600
1 M
Uroglena volvox (S) 
(Colonial)
333600 542400
4600
216000
9600
24000 19200
2400
46400 340600
2400
1524400
19200
2 - 2h M
Uroglena volvox (S) 
(Colonial)
643200
21600
. 1064000 
19200
516600
4600
393600
7200
266600
4600
25600
2400
1463200
26400
5195200
64600
Bottom ( 3h M ) 
Uroglena volvox (S) 
(Colonial)
69600
2400
66600
9600
350400
26600
601600
67200
331200
19200
460600
4600
153600
2400
225600
134400
\n
O
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STATION I SURFACE 
Total diatoms
STATION II SURFACE
1 M
Total diatoms
2 - 2b M 
Total diatoms
Bottom ( 3b M ) 
Total Diatoms
TABLE 16D
TOTAL DIATOMS/LITRE, EFFECT OF LIGHT INTENSITY 
ON VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 2G - 29, 1969.
I II
2:30 - 5:30 -
3:30PM. 6:30PM.
£200 14500
III IV
9:30 - 1:30 -
10:30PM. 2:30AM.
24000 16S00
V VI
5:30 - 9:30 -
6:30AM. 10:30AM.
11200 20B00
VII
1:30 - TOTALS 
2:30PM.
9600 105100
See Station I
21600 9600 4£00 14400 1200 9600 4£00 76S00
21600 19200 19200 15200 19200 12000 9600 116000
12000 2400 33600 14400 9600 16S00 2400 91200
3^
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TABLE 16E
EUGLENOIDS/LITRE, EFFECT OF LIGHT INTENSITY ON 
VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 28 - 29, 1969
I II III IV V VI VII
2:30 - 5:30 - 9:30 - 1:30 - 5:30 - 9:30 - 1:30 - TOTALS
3:30PM. 6 :30PM. 10:30PM. 2:30AM. 6:30AM. 10:30AM. 2:30PM.
STATION I SURFACE
Euglena acus 100 100 2400 1600 4200
E. ehrenbergii 100 100
E. elastica - pisciformis 4600 4600 4600 1600 16000
E. spirogyra 300 600 1600 100 2600
TOTALS 5200 4900 2400 5700 0 4600 100 23100
STATION II SURFACE
Euglena acus
E. ehrenbergii 1200 600 200 100 700 600 3600
E. elastics-pisciformis
E. spirogyra
TOTALS 1200 600 200 • 0 100 700 600 3600
2 - 2h M
Euglena acus 19200 4600 19200 43200
E. ehrenbergii 7200 200 •. 7400
E. elastica-pisciformis 36400 52600 600 400 3200 66600 164400
E. spirogyra 24000 40600 7600 600 19200 10000 103200 205600
Phacus sp. 2400 2400 2400 7200
TOTALS 88800 100600 6400 600 19600 15600 123600 447600
Bottom (3 - 3i M)
Euglena acus 7200 2400 2400 2400 1600 2400 18400
E. ehrenbergii 2400 2400
E. elastica-pisciformis 33600 122400 64600 36000 26400 96000 62400 441600
E. spirogyra 2400 7200 26600 21600 26400 14400 2400 103200
Phacus sp. 2400 4600 7200 14400
TOTALS 3£400 136600 96000 60000 57600 116600 74400 580000
vn
ca
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TABLE 16F
DINOFLAGELLATA/LITRE, EFFECT OF LIGHT INTENSITY 
ON VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 28 - 29, 1969.
STATION I SURFACE 
Ceratium hirundinella 
Peridinum gatunense
I II
2:30 - 5:30 -
3:30PM. 6:30PM.
Ill IV
9:30 - 1:30 -
10:30PM. 2:30AM.
2900
8000
2400
7200
3200
9600
1200
4800
V
5:30 - 
6:30AM.
1000
3200
VI VII
9**30 - 1:30 -
10:30AM. 2:30PM.
3900
3200
1800
17600
TOTALS
164000
53600
STATION II SURFACE 
Ceratium hirundinella 
Peridinium gatunense
2700 2900 800 2400 3900 3100 4500 20300
See Station I Surface 53600
I M
Ceratium hirundinella 2100 2000 1600 1600 2500
Peridinium gatunense 14400 2400 4800 4800 12000
4400 2600 16800 
7200 45600
2 - 2h M
Ceratium hirundinella 
Peridinium gatunense
100 100
96
2000 300
7200
700
4800
1300 200 4700
21600
Bottom ( M ) 
Ceratium hirundinella 
Peridinium gatunense 7200 4800
100 100
1200
vn
v O
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TABLE 16 G
ROTIFERA/LITRE, EFFECT OF LIGHT INTENSITY ON 
VERTICAL MIGRATION OVER A 24 HOUR PERIOD
STATION I SURFACE 
Keratella cochlearis 
Polyarthra sp.
K. quadrata 
Anuraeopsis fissa 
Synchaeta oblonga 
Filinia terminalis 
Platyas polyacanthus 
Brachionus angularis 
Monommata sp. 
Colurella sp.
Unknown
TOTALS
STATION II SURFACE 
Keratella cochlearis 
Polyarthra sp. 
Filinia terminalis 
TOTALS
IM
Keratella cochlearis 
Polyarthra sp. 
Filinia terminalis 
Brachionus angularis 
K. quadrata 
B. calyciflorus 
B. bidentata 
TOTALS
May 28 - 29, 1969.
II III IV V VI VII
30 - 5:30 - 9:30 - 1:30 - 5:30 - 9:30 - 1:30 - TOTALS
30PM. 6:30PM. 10:30PM 2:30AM. 6:30AM. 10:30AM. 2:30PM.
4500 8500 8500 3800 4800 6800 5600 42500
3600 2900 1500 1700 1900 2000 2400 16000
100 100
100 100 100 100 100 100 600
200 200 100 100 200 100 900
300 100 200 600
100 100
100 100
200 200
1600 1600
300 100 400
8500 11600 10800 5800 7300 10700 8400 63100
9700 6500 3400 7100 6400 8800 8000 49900
3000 6000 1900 2500 1800 3300 2400 20900
100 100 100 300 200 200 1000
12800 12600 5400 9600 8500 12300 10600 71800
7400 7400 6400 6300 4500 800 8700 48700
3400 6600 4200 3300 1900 4600 5800 29800
200 100 100 400
100 100
100 100
100 100
100 100
11000 14000 10700 9900 6400 12800 14500 79300
160
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TABLE 16G (cont’d)
ROTIFERA/LITRE, EFFECT OF LIGHT INTENSITY ON 
VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 28 - 29, 1969.
2 - 2h M
Keratella cochlearis 
Polyarthra sp.
K. quadrata 
Anuraeopsis fissa 
Brachionus angularis 
F. terminalis 
B. bidentata 
TOTALS
Bottom (3?M)
Keratella cochlearis 
Polyarthra sp. 
Filinia terminalis 
F. longiseta 
Monommata longiseta 
Brachionus angularis 
Tripleuchlanis sp.
K. quadrata 
TOTALS
,1 II III IV V VI VII
2:30 - 5:30 - 9:30 - 1:30 - 5:30 - 9:30 - 1:30 - TOTALS
3:30PM. 6:30 PM. 10:30PM. 2:30AM. 6:30AM. 10:30AM. 2:30PM.
1600 3600 7700 5000 7800 9000 8200 43100
3000 3700 3800 7800 5300 5300 7200 36100
300 600 600 200 500 700 200 3100
200 200 200 600
100 100 200 100 400 900
200 100 100 100 500
100 100
5300 8000 12500 13400 13900 15300 16200 84400
200 200 100 700 1300 600 3100
1600 4100 3600 2800 3500 2900 18500
100 100 300 200 100 800
200 400 100 200 600 900 2400
100 100
100 100
100 100
200 200
0 2100 4900 4300 4100 5400 4500 25300
161
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STATION I SURFACE 
Nauplii
Cyclopoid copepods 
TOTALS
STATION II SURFACE
Nauplii
Cyclopoid copepods 
TOTALS
1M
Nauplii
Cyclopoid copepods 
TOTALS
2 - 2h M
Nauplii
Cyclopoid copepods 
TOTALS
Bottom M)
Nauplii
Cyclopoid copepods 
TOTALS
TABLE 16H
-CRUSTACEA/LITRE, EFFECT OF LIGHT INTENSITY ON 
VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 2B - 29, 1969.
I II III IV V VI VII
2:30 - 5:30 - 9:30 - 1:30 - 5:30 - 9:30 - 1:30 - TOTALS
3:30PM. 6:30PM. 10:30PM. 2:30AM. 6:30AM. 10:30AM. 2:30PM.
400 100 200 300 400 100 1500
100 200 100 300 100 BOO
0 500 300 300 600 500 100 2300
400 200 200 200 100 300 1400
100 300 400
400 300 500 200 0 100 300 1B00
600 600 100 100 100 200 400 2100
200 200 200 100 100 BOO
BOO BOO 300 100 200 200 500 2900
100 300 300 200 200 200 1300
100 100
0 100 300 300 300 200 200 1400
0 0
100
100
200 0
100
100
100
100
200 0
200
300
500
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STATION I SURFACE 
Codonella cratera
STATION II SURFACE
1 M
Codonella cratera
2 - 2^M
Codonella cratera
Bottom ( M ) 
Codonella cratera
TABLE 161
CODONELLA CRATERA/LITRE, EFFECT OF LIGHT INTENSITY 
ON VERTICAL MIGRATION OVER A 24 HOUR PERIOD 
May 26 - 29, 1969.
I II III IV V VI VII
2:30 - 3:30 - 9:30 - 1:30 - 5:30 - 9:30 - 1:30 - TOTALS
3:30PM. 6:30PM. 10:30PM. 2:30AM. 6:30AM. 10:30AM.2:30PM.
6400 7200 
See Station I
4600 7200
7200 4600
16600 7200
2400 7200
9600 16600
6000 4600
2400
14400 20000
50400
4600 26600
12000 64600
100 4600 2400 2400 2400 2400 14500
F-»
On
Va>
APPENDIX VI. EFFECT OF WIND, HEAVY RAINFALL,
AND LIGHT INTENSITY ON VERTICAL 
DISTRIBUTION, JUNE 4, 1969.
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TABLE 17
PHOTOMETER READINGS (FOOT-CANDLES) 
June 4, 1969 (Noon).
Reading (Deck cell) Depth Reading (Sea c<
2000 1" 1850
2000 11« $00
2000 13” 500
2000 2 1 125
1750 3 f 22.5
1875 4 ’ 10.0
2000 5’ 2.88
2000 6 ’ 1.19
2000 7’ .31
2000 8» .06
2000 9* 0
ON-p-
165
TABLE IB
EFFECT OF WIND, HEAVY RAINFALL AND LIGHT 
INTENSITY ON VERTICAL DISTRIBUTION 
• June 4, 1969 (NOON J
STATION II Bottom
S 1M 2-2^M 3sM TOTALS
ROTIFERA
Keratella cochlearis 4700 6600 6600 3900 21600
Polyarthra sp. 3500 2600 2600 1200 10300
Filinia terminalis 100 100
Brachionus angularis 100 100
K. quadrata 200 100 100 100 500
TOTALS 6400 9500 9600 5300 32600
CRUSTACEA
Nauplii 200 400 200 600
Cyclopoid copepods 200 200
Daphnia sp. 100 100
TOTALS 200 700 200 1100
CADONELLA CRATERA 2400 1600 3200 2400 9600
*SELECTED CHLOROPHYTA 1600 1600
* Crucigenia sp. 
Pediastrum sp. 
Coelastrum sp. 
Scenedesmus sp.
EUGLENOIDS
Euglena acus 2400 2400 4600 9600
E. elastica - )
E. pisciformis) 26400 36600 4600 46000 116000
E. spirogyra 21600 9600 4600 36000
Phacus sp. 2400 2400
TOTALS 52600 46600 9600 52600 164000
DINOFLAGELLATA
Ceratium hirundinella 6900 9000 3100 400 19400
Peridinium gatunense 9600 6000 17600
TOTALS 16500 17000 3100 400 37000
UROGLENA VOLVOX (S) 43200 124600 67200 52600 266000
(Colonial) 4600 1600 14400 2400 23200
DINOBRYON SP. 2400 2400
TOTAL DIATOMS 9600 6400 5600 4600 26400
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